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MEASUREMENTS OF SOLAR RADIATION AND THEIR INTERPRETATION 


By Cartes F. Marvin 


_ [Presidential address delivered before the American Meteorological Society meeting at Philadelphia, December, 1926] 


Solar energy in the form of thermal radiation which 


enters and penetrates the atmosphere of the earth is rec- 
ognized by all, I believe, as the primary source of all the 
phenomena of weather, end, a eed, of life itself on our 


planet.’ Surely, then, no other subject is more deserving 
of exhaustive measurement and investigation than solar 
radiation, especially if we also include the study of sun 
spots, prominences, and like solar phenomena as other 
evidences of solar activity. 

This address, however, is limited to a very brief con- 

sideration of certain sources of error inherent in funda- 
mental measurements of solar radiation and to the inter- 
pretation of the observational data. 
_ Systematic study of a scientific question calls first of 
all for a sound theoretical background and plan of pro- 
cedure; second, for adequate instrumental apparatus by 
means of which the third prerequisite of investigation 
may be secured, namely, a homogeneous body of obser- 
vational data. The fourth and last stage is a search for 
the correct interpretation of the observations. 

In the case of the solar constant as a question for 
scientific investigation, it remained for Samuel Pierpont 
Langley first to transform the imperfect, insufficient older 
theories of atmospheric transmission and depletion of 
incoming radiation to the more complete and adequate 
theoretical background such a problem required. Sec- 
ond, by the invention of the bolograph he finally, for the 
first time, made it possible to evaluate correctly the 
atmospheric absorption, and hence the original intensity 
of the solar radiation as it reaches the outer limits of the 
earth’s atmosphere. This physical magnitude Langley 
called the solar constant of radiation. Only in later 
years did he contemplate the shempariad that the intensity 
of solar radiation was a variable. — 

In the introduction to his‘report to the Chief Signal 
Officer on his solar expedition to Mount Whitney in 1880, 
Langley wrote these significant words: 

. If the observation of the amount of heat the sun sends the earth 


is among the most important and difficult in astronomical physics, 
it may also be termed the fundamental problem of meteorology, 


1 Fully recqucins the probability that some fluctuations in intensity of solar radia- 
on occurred during geological times, I am reluctant to believe that radiant solar en 
e dominated past climates as it does at the present time, or that solar control 
continue to be what it is to-day in the remote future. For the climatologist I must add 
my conviction that solar heat alone; as we now know it, is not necessarily sufficient to 


have caused or to explain t Ww geologic history shows the earth has experi- 
gees in the past, ‘aimates which there are many reasons to believe may recur in like 
d in the remote future. 


The thesis of variations in the availability at the earth’s surface of the stores of its internal 
heat has a claim to be recognized as a possible and at times an important factor in ca’ 
climates of the ages, past and future (see Marsden: Manson’s “The Evolution 
Climates’’). Geophysics and isostasy compel us to recognize that what we call the solid 
crust of the earth is after all of only appl n thickness if the earth were reduced to the 
size of the apple, a crust less than 100 miles thick at the most. The matter within is 
lastic, or even fluidlike, under slowly acting great forces, properties are due to 
temperatures as well as great pressures. i 
t is eeopetsy, impossible at the present time for anyone to set out a satisfactory and 
acceptable explanation of the m sm and process by which earth heat has at any 
in.the past or may again dominantly influence climatic conditions. Nevertheless, 
climatologist can not afford to disregard the cumulative effects on climate over long 
earth, 17 + fare s of heat seem within, crust is relatively very thin, 
afte earth ow variations in availability at the surface do not occur? 
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nearly all whose phenomena would become predictable if we knew 
both the original quantity and kind of this heat; how it affects 
the constituents of the atmosphere on its passage earthward; how 
much of it reaches the soil; how, through the aid of the atmosphere, 
it maintains the surface temperature of this planet; and how, in 
diminished quantity and altered kind, it is finally returned to 
outer space. 

Meteorologists have till lately occupied themselves more with 
the secondary effects of this solar radiation than with the considera- 
tions just referred to, though this primary study will at least enabie 
us to survey subordinate and familiar phenomena from a more 
general point of view and will correct some errors.’ 

The Weather Bureau is sometimes reproached for seem- 
ing to give investigations of solar radiation as a possible 
aid to weather forecasting an unsympathetic reception. 
In this. connection it is interesting to note that Langley’s 
solar expedition to Mount Whitney was not only indorsed, 
but also financed, by the then juvenile Weather Service 
of the Signal Corps. From 1880 to the present time the 
meteorologists of the Weather Bureau, although naturally 
skeptical of unproven claims of solar variability and the 
direct response of weather to such alleged solar variation, 
have always retained a keen interest in the ultimate out- 
come of the remarkable investigations inaugurated by 
Professor Langley at Mount itney and carried for- 
ward with such consummate skill and persistence by Dr. 
Charles Greeley Abbot. 

In the beginning of Langley’s research he spent more 
than a score of years upon what we have called the see- 
ond or instrumentation stage of the extremely difficult 
investigation necessary before it was possible to reach 
even the approach to the third stage; that is, the begin- 
ning of the collection of systematic observations. 

In fact, at the time of his death in February of 1906, 
Professor Langley ‘had before him only the merest frag- 
ment of the observational data now available. Never- 
theless, he was impressed with the possibility of appre- 
ciable day-to-day variation in the true values of the solar 
constant. This interpretation of the data then available 
was plausible enough, because even the best measure- 
ments then made at Mount Wilson in the summer of 
1905 showed a probable day-to-day variation of nearly 
1% per cent. The variability of far less satisfactory 
earlier observations made at Washington was still greater. 
It is now generally believed these large variations were 
chiefly, if not wholly, caused by the combined sources 
of variation due to instrumental errors and atmospheric 
influences. : i 

After another score of years of progress there is avail- 
able to-day a large body of measurements of the solar 
constant. Let us examine these carefully in order that 
the evidence bearing on the question of constancy or 
variability of the sun may be more clearly understood 
and the true thermal basis of theoretical meteorology 


more accurately evaluated. 
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In this age of marvelous advances in scientific measure- 
ments it is perfectly easy to recognize that in all proba*® 
bility the sun is a slightly variable star. To state it 
thus simply, however, is to mislead the general public 
and even a en many men of science. Suppose I 
ask one of these the question: ‘Tell me, now, just 
how much do you think the sun varied from day to day 
during the year? The Smithsonian Institution gave the 
Weather Bureau the values whenever observed, and they 
were printed on the Washington weather map. How 
much variation do you think these observations show?”’ 
Outside of the experts familiar with these daily values 
I have not found a single person who could answer my 
question in any quantitative way. Every one, however, 
has the mental impression that the variation is appre- 
ciable or considerable. I have no doubt there are a 
number of persons who, if pressed for an answer, would 
put the amount of day-to-day solar variation at the order 
of 1 or 2 per cent or more. at are the facts? No one 
can form an independent appraisal of the facts without 
a fair acquaintance with the major sources of secular and 
accidental errors. Let me lay some of these before you. 

A least-square computation, based on the good and 
bad observations during the past 18 months, indiscrimi- 
nately, shows that the total probable variation due to all 
causes, that is, errors and atmospheric causes of variation 
combined with solar changes, was one-third of 1 per cent. 
If we reject 42 values graded by the observer as unsatis- 
factory because observing conditions were poor, the total 
day-to-day variation becomes less than one-quarter of 1 per 
cent. Analysis of the observations has shown that only a 
part of this total, probably not even half of it, can be as- 
cribed to the sun itself. Is there after all any real evidence 
that the whole of this small quantity is not the inevitable 
errors of observation? I hope to throw some light on 
this question later in the present paper. 

It is well known that the Gevbliometes is the ultimate 
standard of reference in all measurements of solar 
radiation. 

Doctor Abbot has stated this matter forcefully on page 
89, Volume IV, of the Annals of the Astrophysical 
Observatory: 

The basis of our research lies in the exactness and stability of its 
pyrheliometry. We are watching for changes in the radiation of 
the sun from day to day and from year to year. In doing so we 
determine the values of the intensity of solar radiation outside of 
the atmosphere in calories per square centimeter per minute. The 
accuracy of the comparison depends, however, primarily on the 
exact comparability over long intervals of our observations at the 
earth’s surface. As the bolometer (which we are obliged to use in 
order to determine the transmission of the earth’s atmosphere) is 
not a standard instrument for radiation and gives merely relative 
values, it is n to standardize it against some other instru- 
ment. For this purpose we have chosen the pyrheliometer. 


How great is the need, then, for the utmost constancy 
in our pyrheliometry. 

In what follows we consider only certain sources of 
errors unavoidable even in pyrheliometers of the highest 
type. These seem to me to be of such magnitude in 

emselves that they help to explain both day-to-day as 
well as secular changes in the derived values of the solar 
constant. This is especially the case when the day-to- 
day variations amount to only a few tenths of 1 per cent 
of the mean intensity. Only a few of the several standard 
pyrheliometers in use will be discussed. 

Pyrheliometers are absolute instruments when their 
indications can be transformed directly into units of 
thermal energy of radiation received, without comparison 
or reference to any other type of instrument. Secondary 
pyrheliometers are those instruments whose indications 
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are in arbitrary units and must be reduced to standard 
thermal units by comparison with absolute or other 
standardized instruments. 

In the class of absolute instruments we must mention 
the water-flow and water-stir pyrheliometer of the Astro- 
physical Observatory of the Smithsonian Institution, the 
electrical compensation pyrheliometer of Angstrém, and 
the silver disk slestringh. pyrheliometer used by the 
Weather Bureau since 1912. All these instruments are 
subject to an uncertain error due to the amount of 
radiation exchanged between the sky and the sensitive 
surfaces within the pyrheliometer, which radiation is 
added algebraically to the direct radiation from the sun. 
The instruments also require a greater or less correction 
for the incomplete absorption of the radiation which is 
transmitted to the sensitive surfaces for measurement. — 

The sources of error which we select for consideration 
arise from the sky radiation admitted to the sensitive 
surfaces, also from losses due to imperfect absorption by 
the blackened silver disk or by the walls of the water- 
flow pyrheliometer. 


CHARACTERISTICS OF PYRHELIOMETER VESTIBULES 


It is impossible to expose the sensitive element of any 
pyrheliometer to solar radiation alone. A wide area of 
sky around the sun also adds its radiation partly or 
wholly to that from the sun’s disk. While the intensity 
of sky radiation is feeble compared with that from the 
sun, the sky area in some instances is several hundred 
times the area of the solar disk. Therefore the feeble sky 
radiation and its variation can not be disregarded if one 
attaches great importance to changes of small fractions 
of 1 per cent in the derived values of the solar constant. 

The word vestibule refers to that part of the pyrheliom- 
eter which delimits the admission of radiation to the 
sensitive measuring apparatus within. This vestibule 
serves the purpose of well-known collimating devices. 
The amount of radiation admitted is defined by an 
outermost and innermost diaphragm, separated a greater 
or less distance. Intermediate diaphragms are also 
required, whose function is to cut off interval reflections 
in the vestibule and to reduce air circulation as much as 
possible. Figure 1 illustrates diagrammatically the 
critical elements of the vestibules of certain standard 
pyrheliometers indicated. 

The apparent semidiameter of the sun is slightly more 
than half a degree. On this account the vestibule of the 
prmelionee must be made to flare to the extent of at 
east a whole degree or more to allow for imperfect 

inting of the vestibule at the sun and for errors in 

ollowing the solar motion. This flare is provided by 
making the outer diaphragm a small amount larger than 
the inner one, but while the vestibule thus arr 
admits all the radiation from the full disk of the sun, 
nevertheless sky radiation from a relatively large area 
is also admitted. 

Before passing to the detailed analysis of the geometric 
relations, it may be mentioned that the vestibule of the 
standard type of silver disk pyrheliometer used by the 
Smithsonian Institution at all its stations prior to 
1925 admitted a comparatively wide angle of sky 
radiation. Since the older type has been used for 
observations published prior to 1927 and upon which 
have been based the claims of solar variability, methods 
of weather forecasting dependent upon the supposed 


* Annals of the Astrophysical Observatory, Vols. III and IV; also MONTHLY WEATHER 
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variability, etc., it is that we discuss tke 
characteristics of the vestibule of this and other instru- 
ments in order to appreciate the difficulties which arise 
when we try to interpret solar constant values as pub- 
lished. It was probably because of certain anomalous 
results mentioned hereafter, arising from analysis of 
the Harqua Hala and Montezuma observations, that 
action was taken in the latter part of 1925 to lengthen the 


_ YESTIBULES OF STANDARD PYRHELIOMETERS COMPARED 
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WATER-FLOW PYRHELIOMETER NO. 3 
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‘see’? when the instrument is pointed centrally toward 
the sun. 


The detailed analysis of conditions in the case of the 


well-known silver disk a is shown in the 

upper left-hand corner of the diagram by the large circle 

whose outer limit represents the outermost points of 

visible sky from which radiation can pass through the 

vestibule of the instrument. The sun’s disk, drawn to the 
same scale, will occupy a tiny area in the center of 
the outer circle. 

The vestibule of this instrument admits a solid cone of 
radiation having a geometric aperture of 20° 6’ = 1,206 
minutes of arc. e solar disk subtends an angie of 
about 32.6’ of arc. The total area of the sky which 
radiates to thereceiver is, therefore, one thousand three 
hundred eighty-six times the area of the solar disk. 

A single point at the center of the silver disk sees 
only the sky radiation within the circie ¢ ¢ c with the 
sun exactly in its center, assuming the instrumert to be 
pointed centrally at the sun. This circle subtends an 
angle of 10° 38’. Points on the disk which are eccen- 
tric in position see about the same angular area, but 
this is composed partly of other portions of the sky than 
those seen from the central point, and the sun is 
eccentric therein as indicated by the circle z. 

The sun and sky areas as seen by one or more points 


— near the extreme edge of the illuminated portion of the 
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«es these circles the sun is just within the e 


disk are represented by circles such as y y y, etc. In 
c ge on one side 
ofeachcircle. If thedisk or receiving surfaces are some 


gps 


—y distance behind the innermost diaphragm, there will be 
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Fic. 1.—Vestibules compared and the geometric angular aperture formulated 


vestibules of the silver disk pyrheliometer from about 7 
to 30 inches, thereby reducing the sky area to about 5.5°. 

Analysis of vestibules—If we call the diameter of the 
inner diaphragm of the vestibule A, the diameter of the 
outer diaphragm B, and the distance between the dia- 
ph 8 D, it is easy to see from the construction lines 
of the vestibule of the silver disk pyrheliometer in 
Figure 1 that 6, the half angle of the aperture . the 
vestibule, is found from the equation tan 9-4. 
There is some difference of view as to how the angular 
aperture of any particular vestibule should be calculated. 
It is true that no single point of the sensitive surface 
receives radiation from the entire sky area. Neverthe- 
less, all that solar and sky radiation which passes through 
the vestibule of the pyrheliometer must impinge some- 
where upon the sensitive surface and exert its influence 
upon the measurements. In a recent discussion of this 
question Doctor Abbot demonstrated that the effective 
area equivalent to the geometric angle given above is ap- 


proximately the angle given by the expression tan 9= 7}, 


which is about half the geometric angle and is the appro- 
priate angle to use in evaluating the effects of sky ex- 
peer of different pyrheliometers. If, as in some pyr- 
ieliometers, notably the Angstrém, the sensitive surfaces 
do not intercept the solar and sky radiation which 
passes through the vestibule, then the incoming radia- 
tion which passes by the edges of the receiver is entrapped 
within the inclosure, and the general effects thus produced 
pon the measurements are likely to be more harmful 
if all the radiation had been intercepted. 

_ Figure 2 is a graphic picture of what the myriad of 
points on the receiving surface of various pyrheliometers 


quite an appreciable annular ring of penumbra and 
diffraction effects just outside of the fully illuminated 
central portion of the disk. 

In receivers of the black body type, like the water-flow 
pyrheliometer, many sensitive portions of the surface 
are located quite a distance behind and outside of the 


SKY AND SOLAR AREAS FOR DIFFERENT VESTIBULES 


SILVER 
SKY 1368 TIMES SOLAR 


Fic. 2.—Relative geometric areas of sun and sky whose radiations through the 
vestibules oi various pyrheliometers ve 


innermost diaphragm of the vestibule. Therefore, por- 
tions of the sensitive surfaces will receive radiation from 
sky areas within which the solar disk does not appear at 
all. One edge of these circles lies near the sun and 
extends from it to the outer limits of the whole sky zone 
admitted. In a very slight degree this condition is true 
with each of the disk instruments, but is least so when 
the disk is near the innermost diaphragm of the vestibule. 
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The vestibule characteristics of the pyrheliometers 
shown in figures 1 and 2 are tabulated below: 


Table of approximate characteristics of vestibules of pyrheliometers 


of Sky 
Instrument A B D B| solar 
tan disk 
Inches | Inches | Inches a 
Smithsonian Silver Disk. ............-..- 1.020; 1.461 7 ll 492 
Smithsonian Vesti 1.024} 1.850] 30 3 52 
Smithsonian Water Flow, No. 3 '_~..--... -906 | 1.142 5 ll 10 444 
Weather Bureau Electric, 1.475 | 1,775} 11.56 275 
Weather Bureau Cone Receiver, 1926...--| .700| 1.120; 24.2 


1 Corrected for reflecting surfaces inside. 


Let us now suppose that two or more of the pyrheli- 
ometers whose characteristics we have analyzed are 
undergoing comparison by being pointed simultaneously 
at the same sun. In an extreme case one instrument is 
pr canes 4 radiation from nearly 20 times as much sky 
area as the other, and in any case the two instruments 
are not, strictly speaking, measuring the same physical 

uantity. If comparisons are made on different days 

e differences between the quantities measured by the 
instruments will differ. These amounts may be small, 
but they can not be disregarded when an ultimate 
accuracy of a few tenths of 1 per cent is required. 

The quantitative amount of sky radiation passing 
through the vestibules of different instruments can be 
estimated in some cases from studies like those carried 
out by Doctor Kimball. These amounts may indeed be 
quite negligible at stations in very arid regions and at 
high altitudes overlain with nearly dust-free air. Never- 
theless, the general practice has been to compare the 
secondary pyrheliometers used in the daily work with 
ultimate standards at some base station located under 
prc different and very far from ideal atmospheric con- 

tions. 

The Angstrom yrheliometer has not been included in 
the foregoing analysis, because the characteristics of the 
vestibule are very complicated and unsatisfactory. 

The physical and electrical principles of the Angstrém 
instrument are excellent, but the design and mechanical 
construction of the models put out by European manu- 
facturers admit of very great improvement. The cir- 
cular form of aperture and receiver are far superior to 

ny rectangular form, and should be adopted for the 
trém instrument if possible. The vestibule can 
then be easily designed to include as small an angle of 
as possible. 
owever small may be the area of sky radiation per- 
mitted to pass through the vestibule, we must not over- 
look the fact that whatever portion 7s admitted is always 
the brightest and the most changeable, and therefore the 
most objectionable portion. 


COEFFICIENTS OF ABSORPTION OF PYRHELIOMETERS 


Pyrheliometer measurements fail to command our 
entire confidence, because we know that in general the 
sensitive surfaces do not absorb more than 96 to 98 per 
cent of the total radiation which passes through the 
vestibule. Here again secular and accidental changes in 
small losses due to this cause must be duly considered 
when we are striving for an accuracy and constancy of 
measurement of a few tenths of 1 per cent. 

In order that we may clearly follow a short analysis of 


the “lack of blackness” of the receiving surfaces of 
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Le pesenaprmge we must have in mind the exact meaning 
of certain words we use. 

A surface is perfectly black, as this word is here used, 
only when it absorbs all the radiation which impinges 
upon it at any angle. Unfortunately no such surface is 
available. The surfaces we are compelled to use are, 
therefore, to be thought of as partial, that is, imperfect 
or poor, reflectors. We must now think of two kinds of 
reflection, the diffuse and the specular. 

A sheet of pure white uncalendered paper is a good 
example of a nearly age diffuse reflector, because 
radiation, at least visible radiation, falling upon it from 
any single direction is nearly all reflected away again, 
but equally in all directions. Such paper is said to 
have a matte surface, as distinguished from a glossy or 
specular surface. A mirror, on the other hand, is a 
nearly perfect specular reflector, because a single ray of 
light falli ge its surface is nearly totally reflected 
at the one angle which is equal to the angle of incidence. 
The diffuse reflection in this case is practically nil. 

In pyrheliometry we are limited to the use of surfaces 
which satisfy only imperfectly the definitions we have 

iven. No surface we employ is perfectly ‘“black.’’ 

me reflection always occurs, amounting to at least 2 
to 4 per cent. With a matte surface, as for example 
one evenly coated with soot, nearly all of this 2 to 4 per 
cent will be reflected diffusely, some of it out through 
the opening of the vestibule. With another kind of 
surface, for example a glossy enamel black one, nearly 
all the reflection will be specular. 

Now, there is only one way by which this reflected 
radiation can be entrapped with a loss of less than one- 
thousandth part of the radiation transmitted through 
the vestibule. This requires that the absorbing sur- 
faces be not diffuse reflectors, as in all ordinary prac- 
tice, but specular reflectors, for the reasons explained 
in what follows. 

(1) The “black body.”—A hollow chamber with a 
blackened interior and a vestibule upon one side for 
admission of radiation is widely known as a “black 
body.” The use of this in pyrheliometry is exemplified 
by Doctor Abbot’s waterflow pyrheliometer, whose 
vestibule characteristics we have already analyzed. 

The widespread general assumption is that any 
“black body box” absorbs pinetinalin 100 per cent of 
incoming radiation. This assumption, however, is partly 
fallacious, and calls for the correction brought out in 
the following analysis. 

The mistake arises from not taking proper account 
of the difference between specular and diffuse reflection, 
and also because the universal practice seems to be 
simply to blacken the inner walls of the chamber dead 
black with lampblack mixed in alcohol, with a little 
shellac added to cause the lampblack to stick. These 
are the standard instructions for producing matte black 
surfaces. 

The prevalent impression is that the solar and sky 
radiations which have passed through the vestibule of 
the black body, if not absorbed at first incidence, will be 
reflected to and fro within the chamber and will be at 
length almost completely absorbed somewhere upon the 
Ww 


Disregarding the sky radiation as a negligible factor in 
the present connection, let us say that of the whole solar 
beam, wherever it falls within the blackened chamber, 96 
per cent is at once absorbed on the first incidence. As 
the walls are matte surfaces, 4 per cent of the solar beam 


will be diffusely reflected from every point, and a part of 


| | | 
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this will at once pass right out through the vestibule; 
there is no chance for it. to be reflected to and fro. Of 
course, not all of the reflected 4 per cent can pass out 
through the vestibule, but the loss is appreciable and can 
not be disregarded. The result is quite different if the 
inner walls are blackened with a thin, glossy, black enamel 
which reflects specularly. The effects are best exemplified 
in the cone receivers, which will now be discussed. 

(2) Narrow cone receivers.—If the whole solar beam is 
received in a cone-shaped sensitive chamber the multiple 
absorptions which result from to-and-fro reflections are 
realized in the highest degree and the losses by diffuse and 
final reflection can be made vanishingly small. In fact, 
the black body inclosure, in pyrheliometry at least, is 
largely unnecessary, for in the new type of receiver we 
a in absorbing even more tkan 999 parts in 

The high effective absorption that can be realized by 
the use of cones with specularly reflecting walls, as also 
the difference between specular and diffuse reflection in 
such cases, was discussed long ago by Dr. Charles Men- 
denhall.* I am not aware, however, that proper advan- 
tage has been taken of these principles in the construction 
of pyrheliometers. 

he number of reflections of a beam of parallel rays 
entering a cone of angle A will be n= e and the inten- 
sity of the beam after the last reflection will be =r", in 
which r is the coefficient of reflection. As we are now 
interested in absorption we can write the equation for 
effective absorption 


This equation gives the effective absorption on the 
basis that the coefficient r is pure specular reflection and 
that the matte reflection is zero. me matte reflection 
is inevitable. Any diffuse reflection will tend to nullify 
the advantages of the multiple reflections. The ultimate 
result is to set a limit upon the narrowness of the cone we 
need to choose in order to realize the maximum attainable 
effective absorption. 

The physical data upon which this question can be 
settled for the kinds of surfaces we must use are not now 
available. but the Weather Bureau is planning, with the 
cooperation of the Bureau of Standards, to secure the 
necessary observations. 

The ultimate standard of all solar constant values up to 
the present time rests upon a considerable number of in- 
tercomparisons of various silver disk pyrheliometers with 
duplicate standard water-flow pyrheliometers of the kind 
we have mentioned. Intercomparisons weve made in 
Washington and at Mount Wilson. 

In addition to the known unsatisfactory sky conditions 
at Washington, the 40 comparisons made there were in 
a beam of reflected radiation and the losses due to reflec- 
tion had to be evaluated by a separate set of pythe- 
liometer readings, thus increasing the sources of error 
and variability. 

The 32 comparisons at Mount Wilson were made under 
better sky conditions and in a direct solar beam followed 
by means of an equatorial mounting. The 72 observa- 
tions were discussed in six groups. the results Doctor 
Abbot writes: | | 

The maximum divergence of the mean results of these groups 


is 1 per cent. Hence it is believed that the mean result of all 
the comparisons made under such diverse circumstances must be 
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within 0.5 per cent. of the truth. The probable error is 0.1 per 


cent. It is believed that this standard scale is reproducible by 

the secondary pyrheliometers with the ‘adopted constants given 
within 0.5 per cent. The divergence of this scale from that of 
gstrom appears to be 3.9 per cent. 

Angstrém in October, 1919, fixed his value at 3.23 
per cent lower than Abbot’s.® 

The unexplained divergence of 3 to 4 per cent between 
the normal pyrheliometers by Abbot and Angstrém 
indicates that further research is necessary before a 
final definitive standard instrument is realized. 

These citations refer to the outstanding errors of the 
pyrheliometer as an absolute instrument, and depend 
upon the mean results of a considerable number of com- 
parative readings. 

Our chief concern in this analysis, however, is not 
with the mean error of large groups but with the mag- 
nitude of the probable changes of scale of any given 
instrument in its daily use, due to variations of sky 
brightness, secular so gy ot incident to age, changes of 
absorption, occasional of instruments, changes 
of observers, etc. These fluctuations are necessarily 
greater than the fluctuations of group means. 

It must be remembered also that before we get a 
derived value of the solar constant for any particular 
day there must be added to the bids Bnd causes of 
variation all those entailed by the use of the ap 58 
which include empirical corrections for losses of radia- 
tion at the reflecting surfaces of mirrors, prism absorp- 
tions both partial and complete, the empirical factors 
for interpretation of pyranometer readings, and other 
entirely terrestrial causes of fluctuations in the final 
values of the solar constant. 

Changes in the final derived values of the solar con- 
stant, due to all the foregoing causes, must certainly 
exist and obviously should not be ascribed to solar 
origin, especially when very careful statistical analysis 
of past observations over a number of years shows that 
the total variation due to possible solar changes and 
terrestrial fluctuations combined is less than one-half of 
1 per cent in the case of the best observations. The 
smaller this quantity becomes the greater is the prob- 
ability that all of it is caused by terrestrial and instru- 
mental effects, because these never can be reduced 
to zero. 

Attention has been called in the foregoing to certain 
physical sources of error and variability in measurements 
of solar radiation, which must of course be considered 
in any effort to interpret critically the significance of 
such observations. It still remains to consider a final 
highly important matter, namely: 


INDEPENDENT MULTIPLE STATIONS 


Observations at separate stations must be kept absolutely 
independent of each other. ab 
Seemingly, without at first fully realizing the impor- 
tance of this requirement, methods were employed to 
harmonize and reduce to the same scale observations 
made at approximately the same time at separate stations. 
However, the result proved so unsatisfactory that a new 
computation and reduction of the entire body of original 
observations was undertaken. The difficulty is easily 
understood, for this is a question of statistical relationship, 
hence adjustments of individual observations from sep- 
arate stations by intercomparisons necessarily tends to 
introduce artificial correlation between them. 


C. E., On the Emissive Power of W. ped Cavities and Their 
easuremen 


4 Mendenhall, edge-sha 
Use in Temperature Mi ts. Astrophys. Jour., vol. 33, No. 2, March, 1911. 


5 Annals Astrophysical 


Observatory, vol. 3, p. 72, MONTHLY WEATHER REVIEW 
November, 1919, 47: 799... 
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Ali methods thus far devised for deriving a value of 
the solar constant from fundamental obsarvations in- 
herently introduce errors peculiar to the particular 
station, its instrumental equipment, the daily atmospheric 
condition, and the seasonal march of the weather ele- 
ments. That these influences operate is shown by the 
well-known correlation between solar constant values and 
the atmospheric transmission, which is, for well-known 
reasons, nearly always considerable and negative, whereas 
it should be zero. A climatic effect of a 12-month period, 
also found where none should appear, is further proof of 
the prpeanee of the errors mentioned. 

If it is ever to be possible to evaluate these instru- 
mental and terrestrial causes of fluctuation and to dis- 
entangle from them poate solar changes, multiple 
station reports must be separately reduced and pub- 
lished as independent valuess Inherent errors, certain 
to be present, can be satisfactorily evaluated and elimi- 
nated, if at all, only by analyzing a long series of such 
independent observations. 

A rigorous scientific procedure would seem to require 
that the observations at wholly independent. stations 
shall be reduced by methods and by the application of 
corrections, coefficients, factors, etc., based upon purely 
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cent. If not all of this is of terrestrial origin, the solar 
part can be evaluated only by a least square analysis of 
comparable observations from two or more stations. 

(2) All observations consistently show a well-defined 
climatic effect ‘in the form of a 12-month period. 

(3) The annual periodicity in the latest Montezuma 
values is verified by the fit of these values to the 5-year 
smooth normal curve as shown in Figure 3. The zig- 
zag line connects 14-day mean values of solar constants 
from July 16, 1925, to December, 1926. These are the 
latest values published. With the exception of the 
values for October, November, and December, 1926, 
the conformity to the seasonal period deduced from the 
5-year means is striking. For some unknown reason the 
low October, November, and December values are incon- 
sistent, not alone with eg values for the pre- 
ceding six years, but with the view that we should expect 
high values of the solar constant at the present time of 
sun-spot maximum. ; 

Long period or secular changes.—Data for the analysis 
of slow, progressive changes over years, sun-spot periods, 
ete., as yet are very meager. 

The observations at Mount Wilson from 1905 to 1920 
were made only — summer months. Two sets of 

r 


physical observations at the one station, just as if no other values were derived from the same original parent 
station in the world existed. observations, which latter represent the results derived 
Wy | AUG | SEPT | OCT | Nov | DEC | JAN | FEB | MCH | APR | MAY | JUNE | JULY | AUG | SEPT | OCT | NOV | DEC. 
26 
52 
44 SZ [\ 
40 —\ 
28 \ 
24 
20 \A 


Fic. 3,—Fourteen-day mean values of provisional soier constants as published from Juiy, 1925, to December, 1926. Smooth curve is the seasonal or 12-month period (a terrestrial 
effect) deduced from five years of earlier observations. Nearly ali the 14-day mean values could have been forecast from this seasonal curve with few failures and more than a 


year in 


Inconsistencies between independent stations must be 
expected in the present stage of the art, and may well be 
ed as a mark of the independent origin of the data. 
e need to know the magnitude of the discrepancies 
which would be disclosed by bringing together the 
derived values of the solar constants from several stations 
whose observations are truly independent of one another. 
The investigator wants the fundamental original obser- 
vations. The pyrheliometer readings and the bolographic 
solar constant secured by the pure Langley met’iod, and 
wholly independent of measurements made at any other 
station, are the real original observations. 


INTERPRETATION OF OBSERVATIONS 


So much has been published in this Review * on the 
analysis of solar constant values that only the major 
conclusions need be summarized here. 

Day to day or short period variability.—Critical exami- 
nation of all observations published up to November of 
1924 indicates: 

(1) The total variability of solar constant values from 
a single high-grade station is well under one-half of 1 per 


* MonrTaLy REVIEW, 1925, 53: July, 285-306; August, 343-348; December, 


advance. The values for October, November, and December are conspicuously discordant. 


by the rigorous Langley method and are hereinafter 
designated E,. The second set is obtained from the first 
by the application of a water vapor correction, and are 
hereinafter designated E,’. 

Assuming now that all derived values fluctuate from 
day to day, due to combined solar and terrestrial causes, 
it is plain that any correction for terrestrial errors will 
be valid only when it reduces the total variability of the 
parent data. 

Since the corrected data show the same variability as 
the parent data, they can not claim to be superior. More 
conclusive proof of the inferiority of the corrected values 
is shown by the amplitude of the 12-month period in the 
corrected data, which is nearly double that in the parent 
data. The amplitude would probably be nearly zero if 
the values were true solar constants. 

Of the parent data published for Mount Wilson (4) 
and the corrected values (E,’), the latter are the only 
values used in discussions by both Doctor Abbot and Mr. 
Clayton, notwithstanding that the internal evidence 
cited above indicates that the errors are probably least 
for the pure bolographic values. 

Whether we include or exclude the observations known 
to be impaired by Katmai dust in 1912 and 1913, the true 
mean solar constant from all observations at Mount 
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artificially in excess of the former by 1.1 per cent. These 
mean values are both derived by the harmonic analysis. 
which is the best, if not the only, way to compute a true 
mean ofa periodic function when values for part of the 
cycle are missing, and are therefore probably the strongest 
and most definitive values which can be drawn from the 
Mount Wilson work. 

It was not known at the time observations began at 
Calama on July 27, 1918, that the past as well as the 


future values of the solar constant would exhibit the 


seasonal feature of a 12-month period. Moreover, little 
consideration seems to have been given to the importa:t 
prerequisite that values at separate stations must be kept 
wholly independent. | 

What is found in the ae results is that the pure 
bolographic values at Calama under winter conditions 
pe, in close agreement with the high summer 
values, Ey’, at Mount Wilson. If the values at both 
stations were influenced by no other error than the 
annual periodicity, then it must follow that the simultane- 
ous summer and winter values in the two hemispheres 
should differ by the sum of the amplitudes of the two 
periodicities, because later computations proved these 
periods to be in opposite phase relations with a maximum 
difference of about 0.016 calories, or 0.8 per cent. The 
agreement between the summer values at the two stations 
seems therefore to indicate that the Southern Hemisphere 
observations started upon a scale in accord with the £,’ 
values at Mount Wilson, which were then regarded as the 
most dependable. 

This condition had the very harmful effect of starting 
the observations at the Southern Hemisphere station upon 
a scale of values which was too high, first because the 
summer and fall values at Mount Wilson were tpi | 
near the maximum phase, due to the annual period wit 
a large amplitude; second, because the E’, values are 
themselves robably a full 1 per cent too high, due to 
7 Speen of a water vapor correction of doubtful 
validity. | 

The writer is compelled to emphasize the doubtful ac- 
curacy of the high values of the pure bolographic obser- 
vations as published for Calama and Montezuma up to 
January, 1922. It is very doubtful, indeed, in the 
writer’s mind, at least, whether absolutely independent 
pure righ on observations would ever have given 
ora values had the station at Mount Wilson never 


existed. 

There is no physical basis by which an artificial scale can 
be preserved. en the station at Mount Wilson was 
discontinued in favor of a new station at Harqua Hala, 
and the station at Calama was moved to Montezuma in 
1920, the latter became and still remains the primary 
observatory. In the course of a year or two thereafter 
direct physical verification of the mirror, prism, and other 
corrections at the station would have to be made in order 
to maintain the accuracy of the instrumental constants 
and corrections required by the pure bolographic method. 
Thus the values at Montezuma would tend to revert to 
the magnitude of values at a wholly independent station— 
that is, to a scale similar to the original pure bolographic 
values, E,, at Mount Wilson when that station was a 
wholly independent one. 

The writer, unfortunately, has not had access to orig- 
inal data and observations by which to establish the 
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correctness of the deductions stated above, but we do 
know that the published solar constants fell off in 1922 
to unprecedented low values, which have averaged closely 
the same up to the present time. These values were only 
apparently low. They could not be explained in relation 
to the former high values, E’, except to misinterpret 
them as evidence of a marked decline in solar radiation. 
The fact is, these low values agree very weil with the 
former pure bolographic values, Ey, obtained at Mount 
Wilson, whose average was 1.912. 

It is plain from the adjustments described above that 
artificial changes run through the solar constant values 
since 1918. Moreover, the final values are not yet avail- 
able, since many of the observations are now undergoing 
recomputation. This will doubtless produce some homo- 
geneity, but it is not obvious how it will ever be possible 
to eliminate from past observations the correlations due 
to intercomparisons between nonindependent stations. 


CONCLUSIONS 


Langley’s pure bolographic process for evaluating the 
transmission losses of radiation in the earth’s atmosphere 
still stands alone and supreme, provided the observations 
at any one station are reckoned in a manner that makes 
them. completely independent of those at any other 
station. 

Nevertheless, while frequent daily observations by the 
full Langley or long method furnishes very valuable 
data, these are now no longer required for the pursuit of 
practical investigations in solar and terrestrial relation- 
ships. For reasons already ahs by me,’ pyrheliometer 
readings alone at high-grade stations serve nearly all 
paper especially supplemented by simple metero- 
ogical observations, all of which are very easily made. | 
What meteorologists and other need is 
simply the prompt release of the original basic observa- 
tions. These are not subject to any change except for 
occasional errata or possible material deterioration in 
instrumental constants. We are glad to point out that 
a step in the desired direction was taken in 1926 when 
the Smithsonian Institution arranged for the advance 
ublication by the Weather Bureau of the Montezuma 

1920—1926.* 
There are still needed, however, similar and additional 
rompt reports from all existing stations. The writer 
pte roposed that arrangements be made for the prompt 
publican of.some such original observations from each 
station, as follows: 

(a) Pyrheliometer observations whenever possible at 
three or more different air masses. 

(b) Psychrometer readings or equivalent measures of 
local humidity, including air pressure and state of sky 
with respect to haze, clouds, etc. 

(c) Some evaluation from one or more bolograms of the 
area, or other quantitative measure in comparable units, 
of the major water vapor absorption bands in the solar 
spectrum. 

It is earnestly nepee some such program of prompt 


publication of actual original observations may soon 
realized. 


1 MONTHLY WEATHER REVIEW, July, 1925, p. 290, Caption II. 
8 Supplement No. 27, MONTHLY WEATHER REVIEW, 1926. 
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METEOROLOGICAL FACTORS IN THE QUARTZ CREEK FOREST FIRE 
By H. T. GrsBorne 


{Northern Rocky Mountain Forest Experiment Station] 


It. is not often that a large forest fire occurs con- 
veniently near a weather station specially equipped for 
measuring forest-fire weather. The 18,000-acre Quartz 
Creek fire on the Kaniksu National Forest during the 
summer of 1926 was close enough to the Priest River 
Experimental Forest of the Northern Rocky Mountain 
Forest Experiment Station for the roar of the flames to 
bring the residents to their doors several times; so close 
that hose and gasoline-powered pumps were installed 
to protect the buildings; so close that the women and 


Fic. 1.—Approximate boundaries of Varnes areas at the close of each day, Quartz Creek 
re. 


children were sent away to greater safety during the 
most threatening period. Hence the weather records at 
the station may indicate some of the reasons for the great 
spread of this fire. 

Figure 1 is a map of the burned area, the heavy lines 
indicating the boundary of the fire as well as it could be 
determined at the end of each day. The location of the 
experiment station buildings and the weather-measuring 
instruments are indicated near the center of the right- 
hand edge of the map. 

The meteorologion! at this station includes 
maximum and minimum thermometers, automatic 
tipping-bucket rain gage, anemometer, two-magnet regis- 
ter, thermograph, hygrograph, and barograph. Regular 
measurements are made twice daily of the amount of 
moisture in the forest duff and in dead branch wood. 


This fire in the Quartz Creek drainage started during 
the early morning of July 13, 1926, being one of the 150 
or more forest fires set by lightning storms on July 12 
and 13, on the 600,000-acre Kaniksu National Forest. 
It was discovered and located by the lookouts at 2 p. m. 
of the 13th. When the first three men reached it two 
and one-half hours later about 20 acres of timber were 
ablaze and the fire was already flaring in the crowns of. 
single trees and groups of trees, as well as running 
rapidly on the ground. é 

Thirty additional fire fighters were called for imme- 
diatly, but, because of the demand created by several 
hundred other fires in northern Idaho and _ western 
Montana, only 12 men came. Further reinforcements 
were entirely insufficient during the following four days. 
This lack of men at the start, together with the highly 
inflammable condition of the fuel, put the fire at the 
mercy of subsequent weather. The immediate cost and 
loss to the Federal Government and to the private timber- 
land owners and companies are approximated at $274,000, 
exclusive of the salvage value of the timber burned. 

As indicated by Figure 2, the weather just previous to. 
July 12 had been favorable for extreme inflammability 
of the forest materials. Rapid evaporation, occasioned 
by high temperature, high wind, and low relative humid- 
ity, had dried out the litter and duff to a moisture content 
of only 7% on a completely cut-over and fully-exposed 
area by 5 p. m. July 12. Samples of dead branch wood,, 
2 inches in diameter, showed the same moisture content. 
As both these materials retain at least 2 per cent moisture 
until subjected to sustained temperatures of over 100° F. 
and relative humidities of less than 10%, it is apparent 
that at least two of the important forest fire fuels were 
extremely inflammable. Obviously, the stage was set 
for a true conflagration. 

Rain, usual with electrical storms in this_ region, 
amounted to only 0.04 inch with a storm on July 13.. 
It fell between 1:45 and 2:45a.m. At 8:30.a. m., under 
full timber canopy in the forest, this light sprinkle had 
moistened the duff to only 19%, and on clear-cut areas 
to 36%. The remainder of the day was hot, dry, and 
windy, and by 5 p. m. the duff moisture in the forest. 
was only 9%, at in the open 64%. The benefits of 
the rain were short lived indeed.. Not another trace fell 
until August 16, seven days after this fire was completely 
controlled; hence the remainder of the story, in so far as 
the weather is concerned, is largely one of temperature, 
humidity, and wind. “5 

Investigators have tried various methods to determine 
the cause-and-effect relationships between the weather 
elements and the behavior of fires. In some cases they 
have related the final area of the fire to the maximum 
temperature, the minimum relative humidity, and the. 
average wind velocity of the day when the fire started: 
In other cases the maximum temperature, minimum 
humidity, and daily wind movement have each been 
averaged for the period of the fire and, these averages 
taken to indicate conditions productive of the total area 
burned by that fire. A more sensitive method, would 
be to compare the maximum, minimum, and mean 
temperatures, humidities, and wind velocities for the 
days when the fire made its biggest runs, with the weather 
conditions on the other days when the fire was spreading 
least rapidly. 
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Such a method encounters a great difficulty, however, 
in the lack of accurate information concerning the size 
of the fire at the end of each day. Only rarely and 
through special effort can maps be made to show the 
fire front locations day by day, and even those have 
an error which must be assumed as considerable because 
the maps are necessarily based on: hasty observations 
along a fire front ar 15 or 20 miles in length, these 
being harmonized as well as possible in the circumstances. 
It is also desirable to distinguish the trenched and con- 
trolled front from the untrenched or uncontrolled, in 
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pe some of the cause-and-effect relationships 
exhibited by the fire. 

In such investigations it is usually good practice to 
consider first the: variations of the effect and then to 
determine which of their probable causes were most 
important. One of the major peculiarities of the Quartz 
Creek fire was its direction of spread. Asshown by Figure 
1, 87% of the area burned lies north of the point of 
origin of the fire and 57% northeast of it. As the bulk 
of these areas is at approximately the same or even a 
lower elevation than the source, it is obvious that this 
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Fic. 2.—March of certain weather elements at the Priest River Experimental Forest, May 31-August 4, 1926 


order to follow accurately the growth of the fire each 
day. Maps oe by the airplane observers might 
be of considerable assistance in this respect, but anbis 
and very active fire sometimes prevents close scrutiny 
even from an airplane. 

' Choice of a unit for measuring change of size of the 
fire offers a second difficulty. The area burned over 
and the length of the fire front are the two most usable 
units, but both have obvious disadvantages. It would 
séem that either one should be satisfactory, but as can 
be seen from Figures 1 and 3, the Quartz Creek fire 
increased from 8,000 acres on July 25 to 13,600 acres 
on July 30, yet its perimeter was decreased from 27 
miles to 25 miles by that very grote through the burn- 
ing out of holes or pockets in the fire so that its exterior 
boundary was reduced nearer to circular form. It is 
rather startling to think that a fire can increase 5,600 
acres in area, yet have two miles less perimeter as a 
result. The fact that this did occur indicates, among 
other things, the need for careful consideration before 
deciding whether area or perimeter should be used as a 
criterion of the effects of the weather elements. © 

- Another very important factor influencing growth 
and ultimate size of the fire is the opposition to spread 
offered by the fire-fighting organization. This opposi- 
tion is somewhat independent of the weather. If maps 
were available showing the location and length of held 
line—or suppressed fire front—each evening, as distinct 
from the location and-length of the uncontrolled fire 
front, it might be possible, by isolating this factor to 
some extent, to determine more accurately the effects 
of the weather alone on the fire’s growth. Unfortunately 
such a refined map is not obtainable for the Quartz 
Creek fire, and can not*be obtained for very many fires 
because of the great, difficulty. involved. Study of a 
fire has to be incidental to.the main job since frequently 
the. man ranking the study will be forced to drop. his 
observations and: help where he can on the fire line. 
The few observations. obtainable aid, nevertheless, in 


great spread can not be charged to ogee) ease of spread 
of fire uphill or to topography. As the fuels were no 
more favorable to the north than to the south, the very 
uneven spread likewise was not due to timber or fuel 
types. As temperature and humidity undoubtedly were 
similar throughout the area, the uneven spread can not 
have been due to these factors. Most of the suppression 
work of the first few days was concentrated on the south 
side of the fire, but the northward-spreading head was 
not neglected. 

There remains, of the atmospheric elements affecting 
spread, the wind. The records at the experiment station 
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Fic. 3.—Daily changes of area, pene: Se —— of fire fighters during the Quartz 


forest show that the wind was southwest 22 days out of 
the 28 during which this fire burned. The wind blew 
toward the northeast 79% of the time; and, as stated 
above, from 57% to 87% of the area burned was north- 
east and north of the point of origin. One effect of wind 
is obvious: As the fire was stopped only 5 miles south of 
the point of origin, but about 21 miles north of it the 
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very great importance of wind direction in the spread of 
a fire over ground of moderate relief is indicated. 

The southward spread of this fire was mostly uphill; 
therefore the exact effect of the wind upon it is difficult 
to determine. It is worth noting, however, that on July 
21 when there were two marked runs to the south and 
one to the north, the wind was from the north. It is 
clear that the direction of the prevailing wind (from the 
southwest in this region) is very significant, as are also 
the daily shifts of wind direction. In thé case of this 
fire the northerly winds of July 21 were ——"7 accu- 
rately on the 20th by the U. S. Weather Bureau, and the 
forecast supplied immediately to most of the men in 
charge of crews. 

Probably the second most important variation in the 
behavior of this fire lies in the big runs on a few days. 
Of the 18,000 acres burned over during 28 days, 9,600 
acres went up in smoke on 7, July 18, 19, 26, 27, 29, 30, 
and 31. It is believed that a large area was also burned 
over on the 25th, but it has not been possible to obtain 
a map of the fire boundary for the evening of July 24, 
hence no certain deductions can be drawn for the 25th. 
Nevertheless, the fact that 53% of the area was burned 
in 25% of the time indicates that certain factors must 
have been more favorable for rapid spread on these 
few days. From the standpoint of area burned it is 
apparent that 1,370 acres were burned on the average 
bad day and only 400 acres on the average of the other 
days. It might be profitable to find out how the weather 
on these bad days differed from that on the others. 

The weather records obtained at the experimental 
forest, less than two miles from the edge of the fire, show 
the conditions for each day (Table 1). 


Temperature | Average wind velocity 
Days burned, After- 24-hour 
ectes | Masi- | Mini- | Maxi} Mini- | noon, | Night, | aver- 
mum mum mum mum 6pm 6p.m 
| 6 p.m 

j 
EASY DAYS 

ot 7 m. p.h.| m. p.h.| m. p. h.| m. p.h. 
July 13 20 90 57 98 12] “11.5 9.1 3.5 6.3 
_ 14 130 86 45 92 15 12.3 10.8 2.9 6.9 
15 100 78 44 $2 2] 140] 140 5.4 9.7 
16 700 82 43 90 19} 11.3 89 2.5 5.7 
17 50 81 38 88 10} 128] 10.4 2.6 6.5 
20 1 650 73 45 76 25 6.0 5.0 4.2 4.6 
21 1 650 78 37 a4 BB 5.2 4.2 2.6 3.4 
22} 1700 80 41 87 25 5.7 46 4.9 4.8 
23 1700 84 43 95 20 6.8 6.0 1.9 40 
24 1700 89 43 90 19 6.0 5.2 1.9 3.6 
25 1700 92 47 87 19 6.8 5.3 2.5 3.9 
wR 300 80 37 82 14 6.3 5.2 1.7 3.5 
Aug. 1 200 75 39 75 22 3.2 4.3 3.8 4.0 
2 200 78 38 88 23 2.2 2.2 2.4 2.3 
3 800 81 37 97 21) 10.5 7.1 2.2 4.7 
4 700 77 40 94 22! 132) 109 21 6.5 
5 100 80 39 90 19 4.8 3.8 2.6 3.2 
6 125 85 39 92 14 4.2 2.7 1.9 2.3 
7 125 86 40 88 18 6.2 4.6 2.4 3.5 
8 125 84 45 90 25 8.8 6.4 2.2 4.3 
9| 125 76 47 92 35} 120! 110 2.5 6.8 


1 Total for several days apportioned to each day of the period. 


BAD DAYS 
| 
July 18 1,300 81 35; 13; m2! 2s! 68 
19 | 1,600 72 65 100) @7| 82) a9 
26 | 1,000 82 50 2) 105) ‘O77 40! 6&8 
29 | 2,000 86 38 | Mi. 
30 | 1,400 88 42 4; 15) 108! 7.4 22! 48 
31 | 2,300 82 44 7 | 142) 181) 30). 80 


Fesrvary, 
For all 28 days the conditions averaged as follows: 


TABLE 2 


Temperature: Average maximum, 81.6°; average minimum, 
42.6°; average mean, 61.9°. . 

Relative humidity: Average maximum, 86.3%; average mini- 
mum, 19.7%; average mean, 53.0%. 

Wind velocity: 6 p. m. to 6. a. m., average 3.1 miles per hour; 
6 p. m. to 6 p. m., average 5.3 miles per hour; 6 a. m. to 6 p. m., 
ne 7.5 miles per hour; Noon to 6 p. m., average 9.0 miles per 

our. 

The average temperatures were based on hourly 
temperatures from the thermograph records. The 
humidity averages are from the hygrograph records, 
checked against the sling psychrometer at least once 
each afternoon and very accurate for the lower humidities, 
but admittedly somewhat erratic for-the higher. The 
wind velocities are the averages for the full hours speci- 
fied, as recorded by the two-magnet register for the 
anemometer 150 feet above the ground, and 75 feet above 
the tops of surrounding trees. 

A compilation of the records for the seven bad days 
shows that on these days the wind velocity was above 
the average for the duration of the fire, regardless of 
whether the afternoon wind, the daylight wind, the night- 
time wind, or the average for 24 hours is considered. This 
is shown in tabular form as follows: 


TABLE 3.—Average wind ven in excess of normal in miles per 
ur 


6p.m. | 6p.m. | 6a.m. 
to” | Noon to 


Average 6 
6a.m. | 6p.m. | 6p.m. | °?* 


28 4.8 6.7 81 


This erengennent of the data also brings out the fact 
that the nighttime wind was least dangerous and the 
noon to 6 p. m. velocity was nearly three times as great. 
It also indicates the need of forecasts of the daytime or 
better yet for the afternoon wind rather than the aver. 
for the 24-hour period. Few, if any, of the big runs pve i 
by the Quartz Creek fire occurred at night; nearly all 
were in the afternoon when the wind was at. its worst. 
Regardless of temperature or humidity, it is obvious 
that the 7 days of greatest eprene were marked by 
average wind velocities appreciably greater than on the 
other 21 days. 

The records. of relative humidity indicate a small but 
parhope significant effect of this weather element in 
contributing to the big runs, as follows: 


TaBLe 4.—Average relative humidity 


Average Maximum | Minimum| Mean 
Per cent Percent | Percent 


The greatest difference here is found in the maximum 
humidity. This finding is in accordance with that of 
M. E. Dunlap, of the Forest Products Laboratory, 
through laboratory tests, vor ray that a small ch 
in the higher humidities causes a fairly ae change in 
fuel moisture content, whereas a relatively large change 
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in the lower humidities produces a comparatively small 
change in fuel moisture. The fact that the minimum 
humidities did not vary greatly on the 7 bad days from 
the average for the 21 easy days further corroborates 
this conclusion. As previously stated, however, although 
the hygrograph used in studying the Quartz Creek fire 
was very accurate for the ties: it was vari- 
ably inaccurate at humidities of over 70%, hence perfect 
dependence can not be placed upon these variations of 
maximum humidity. About the only conclusions that 
can be drawn safely are that the average maximum hu- 
midity was 10% lower and the average minimum 2% 
lower on the bad days than on the days of least rapid 
and that lower humidity probab:y contributed to 
the big runs of the fire. 

The variations of temperature, the last weather factor 
to be considered, show no great agreement with the 
marked variations of this particular fire. The following 
averages were obtained from Table 1 in the same way as 
those previously given for relative humidity: 


TABLE 5.— Average temperature in °F. 


Average Maximum} Minimum| Mean 
Per cent Percent | Percent 
FU 80. 6 44.0 62.3 
In this case only the average minimum temperature 


was materially higher on the 7 bad days than on the 21 
easy ones. The average maximum temperature is shown 
to have been 1.1° lower on the bad days, instead of 
higher, than on the easy ones. It is undoubtedly justifi- 
able to conclude that neither maximum nor minimum 
temperature variations were of any great importance in 
controlling the spread of the Quartz Creek fire. 

It should be noted that this conclusion applies to 
variations of temperature. From another viewpoint, that 
of the average temperature and humidity, both were 
undoubtedly of great importance in controlling the rate of 

read and the ultimate size of the fire. As has been 
shown, the average maximum temperature for the 
duration of the fire was approximately 82° and the 
average minimum humidity about 20%. From Dunlap’s 
study of the equilibrium relations between certain fuel 
moisture contents and temperature and humidity, it is 
known that if forest duff, twigs, slash, etc., are subjected 
to an atmosphere having a sustained temperature of 80° 
and a relative humidity of 20% the fuels will have a 
resultant moisture content of about 5%. For a sustained 
condition of 62° F. and 58% humidity, the means pre- 
viously given, the equilibrium moisture content is about 
10%. As 10% moisture in either wood or duff has been 
found by experiment to mean high inflammability and as 
5% moisture content implies extremely dangerous dryness, 
it is obvious that the average temperatures and humidities 
during the Quartz Creek fire were sufficiently high and 
low, respectively, to favor very rapid spread of the fire. 
During the nights, when the average minimum temper- 
ature was 43° and the average maximum humidity was 
86%, the fuels would have picked up moisture to a 
theoretical average amount of 20%, and only then 
should they have been appreciably less favorable to 
rapid spread of fire regardless of the wind. 

easurements made with the duff hygrometer show 
that the average duff moisture content was 13% at 8.30 
a.m. and 7% at 4.45 p. m. on the fully exposed area 
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during the days of the fire. The mean of these two is 
10%, the same as deduced above on the basis of Dunlap’s 
laboratory work. The differences between 13% and 
20% and between 7% and 5% are attributed to the fact 
that sustained and constant temperatures and humidities 
were assumed in the theoretical deduction of the effects of 
these two weather elements on duff moisture. Actually, 
however, both temperature and humidity varied ‘rapidly, 
and as duff moisture does not respond instantly to such 
changes, and as the mineral soil beneath the duff affects 


the fuel moisture, an appreciable lag is to be expected. 


The actual measurements of duff moisture therefore 
appear to agree with the theoretical deduction in showing 
that temperature and humidity combined to produce 
very dry fuels, which in turn favored rapid spread of fire 
throughout the 28 days under consideration. 


CONCLUSIONS 


The writer believes there is need of an accurate map of 
the controlled and uncontrolled fire front at the close of 
each day, so that the effects of suppression measures can 
be isolated, and so that area burned and perimeter of 
the fire can be computed for comparison with each of the 
important weather elements. In the present case the 
map shown was obtained primarily as an aid in studyi 
the tactics of fire suppression actually used, and those 
that might better have been used. 

It is apparent that with such a map the relative im- 
portance of certain weather factors can be roughly deter- 
mined. In the present case it was found that mean 
temperatures of 62° F. or more, combined with mean 
relative humidities of 53% or less, occurring when the 
forest duff and branch wood have already dried out to 
less than 10% moisture content, implies a fuel condition 
conducive to very rapid spread of fire. Such conditions 
evidently warrant special preparedness in the future. 
It is further apparent that the big runs of a fire, under 
the above conditions, are influenced chiefly by wind 
direction and velocity; secondly, by small changes in 
relative humidity; and least of all by minor temperature 
changes. Forecasts of a 24-hour average wind velocity 
of 7 miles per hour should be recognized as implying 
much greater danger than forecasts of an average velocity 
of 4.8 or 5 miles per hour. As soon as omnia the pre- 
dictions of wind velocity should be refined to apply only 
to the daylight hours, and preferably to distinguish the 
afternoon hours. Indications for the occurrence of 
average maximum, minimum, and mean temperatures 
and humidities, such as those shown for the seven bad 
days of the Quartz Creek fire, likewise should be met 
with special preparedness. 

The accuracy in later application of all of these find- 
ings is contingent upon similar conditions of fuels, topog- 
raphy, and fire suppression technique, all of which are 
admittedly important factors not considered in detail by 
the present study. 

Another fact, of importance to all students of fire 
behavior, is the need of rather elaborate meteorological 
equipment which will — graphic records of the 
weather elements. It should be obvious that irregular 
or infrequent measurements of temperature, humidity, 
and i could not have been used in this study as easi y 
as the continuous records. . As large fires close to we 
equipped weather stations are not of common occurrence, 
it is altogether probable that special instruments must 
be developed which can be transported to the vicinity of 
large fires if much work similar to the present is to be 
conducted. 
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Chem an investigation of a single fire provides only 
a small fraction of all the evidence that must be accumu- 
lated before thoroughly dependable conclusions can be 
drawn. Other fires, under similar conditions of tem- 
perature, humidity, and wind, might exhibit entirely 
different behavior if the fuels, the topography, or the 
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tactics of suppression differed materially. Several of 
these investigations must be made in each distinct 
timber type under different weather conditions before 
the major variations of fire behavior can be accurately 
related to the behavior of the weather. 


INVESTIGATION OF RAINFALL PERIODICITIES BETWEEN 1 1/6 AND 21/2 YEARS BY USE OF SCHUSTER’S 
PERIODOGRAM 


By Dinsmore ALTER 


[University of Kansas, Lawrence, Kans., December, 1926] 


The present paper continues previous applications of Schuster’s 
periodogram to the rainfall of the world, in this case for shorter 
periods than considered in them. The evidence continues favor- 
able, and is even stronger than before, in favor both of the existence 
of what may be termed a “‘spectrum”’ of related periods and of 
their relation to the sun-spot period. It also begins to differentiate 
strongly between fairly constant periods and variable cycles, in 
favor of the former. 


This paper and a short investigation of economic values 
of statistical examinations of rainfall periodicities to be 
published in the next issue of this Review, complete a 
series of studies (/) of the rainfall of the world, begun 
about seven years ago. In these it was concluded 
definitely that periods or cycles do exist, but whether of 
constant length and amplitude remuined uncertain. 

The last few papers have been an application of 
Schuster’s periodogram to these data and a study of the 
method itself. In each paper a stretch of shorter periods 
than the preceding ones has been considered. 

Since Schuster’s (2) original papers are available and 
also the preceding papers of this series which considered 
the method in detail, it is unnecessary to explain the 
method. 

Given data q,;-------- Gn» assume any period P; times 
the datum interval. Let ¢; be the phase angle for the 
datum gq; so that 


__ 
Pp 
n 
n 
BY 


and is proportional to the square of the amplitude of the 
best sine curve of period P, to fit the data. 


n 
pr 
tan®, A,’ Imean = 1) 
Where a; is the deviation of q, from the mean q. 


where X is the phase of g; and Y that of q;+1 in radian 


measure. J’ is the value of J which would have been 
secured had much shorter datum intervals been used. 


I not J’ must be used in computing the probability of 
securing any given J by accident. 

In this paper semiyearly rainfall means from the 
Pacific coast of the United States, from the Punjab and 
from the British Isles are used. These data, in the form 
of percentage departures from normal, are given as Table 
1. The periods computed overlap those of the precedi 
paper. First, periodograms for periods between 175 an 
2% years are computed from oleh half of the data of each 
of these sections. These chronologically independent 

eriodograms are then compared. Finally a periodogram 
is computed from the total data of each section and 
conclusions drawn. 

Before comparing these chronologically different period- 
ograms a few points respecting the evidence given by 
periodograms may be considered. 

(a) The fact that the peaks of chronologically different 
periodograms are of different intensity or of slightly 
different position is often considered as indicating varia- 
bility of period. On page 480 of the October, 1924, 
WeatHEeR Review are two very different 
appearing periodograms, made from different long 
stretches of data, composed by the addition of two sine 
curves of equal amplitude. en it is remembered that 
in these data there were only two periods and no acci- 
dental errors at all, the possibilities of variation, where the 
data may be composed of a whole spectrum of perivds plus 
large accidental errors, are seen to be great enough almost 
to preclude evidence in favor of a variable cycle unless a 
5 great number of such cycles have been completed. 

(6) The comparison of periodograms by Pearson’s 
correlation coefficient, while useful, minimizes the rela- 
tionship between them for the following reasons: 

1. Suppose that in the periodograms one real peak is 
shown equally in both. This one peak will give a-posi- 
tive correlation but all the rest give a zero correla- 
tion, since the theory of the periodogram shows that it 
varies under the accidental error law, except in the vicin- 
ity of real periods. We would, therefore, in this case, 
expect from the periodograms a small positive coefficient, 
comparable with the probable error, and telling us, there- 
fore, little or nothing. A large positive correlation becomes 
strong evidence, consequently, in favor of a whole spectrum 
of real periods even se the separate peaks may be too low 
in height to carry much weight individually. 

2. If there are variable cycles, or if the interference of 
periods, or the accidental errors, have produced slight 
shifts in the positions of peaks, the two periodograms will 

ive a negative coefficient, sometimes very large. This 
is beautifully illustrated in the periodograms of the Pacific 
coast. At about 2.30 years a high peak starts in each. 
At about 2.33 years the one from the early data reaches 
its maximum H=4.8, here exactly coinciding with the 
later ponecaaeras. This later one continues to rise to 
H=10.5, while the earlier one falls rapidly. One half 


indicates a period at P=2.33 years, the other at P=2.44, 
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each within the accidental range of their mean, yet they 
give such large negative terms to what is otherwise a 
rather large positive correlation as to reduce it practically 
to zero. 

3. In computing the correlation coefficient the use of 
the computed J,, magnifies the apparent relationship, 
and the use of the measured just as obviously decreases 
it. In results given in this paper the measured J, has 
always been used. 

In forming the six month means for use in this paper, 
the same monthly means of the Pacific coast and of the 


8 
al Second halt of data 
ry 
N 
2 i NN A A 


Feriods in Years 
Fic. 1.—Rainfall periodogram of the Punjab 


Punjab were used as in the last paper. For the British 
Isles additional data were received through the United 
States Weather Bureau and the monthly percentages of 
normal of Armagh, Chilgrove, Edinburgh, Greenwich, 
and Stonyhurst were averaged. 

We shall discuss the data in the order of definiteness 
of the results, taking the Punjab, which is least definite, 
first. This is to be expected, for while the same number 
of years are used in the earlier periodogram as for other 
sections, the latter, because of the shorter stretch, has 
about two dozen less from which to compute the periodo- 
gram. The three periodograms from the entire stretch 
of data will be included in one discussion after that of 
all those from the halves of the data have been com- 
pleted. We find that now when we have shorter periods, 
and, therefore, a greater number of cycles, the values 
of H are greater than in the last paper, the highest bein 
7.48 and 5.40 in the first half of the data and 6.44 an 
5.77 in the second half. In the last paper the highest 
peaks were H=4.26 and 3.41. There the values were 
entirely inconclusive; here they are quite definite in 
their indication of reality. The accidental expectancy 
ratio of H=7.48 is one in 2,100. If our data followed 
the accidental laws the H’s should be of about the same 
height regardless of the number of cycles completed. 
If there be a spectrum of real periodicities between long 
and short periods we should find just as we have, that 
H increases with the number of cycles. 

The periodograms are plotted as Figure 1, which 
brings out their similarities and divergencies. We see 
that except at the extreme ends of the periodograms 
there is an almost perfect agreement in the positions of 
the peaks of these chronologically independent periodo- 
grams. Remembering the limitations to the application 
of the correlation coefficient we shall nevertheless com- 


it and find r= +0.167; e,— 0.0868; 1.925. Such 


1 These data are British Isles A, of Table 1. Since reading this paper at Philadelphia, 
still more data have been received. These lengthen the records and give Rothesay as 
an additional station. The new means, not used in this paper, are given as British 
Isles B. They are being used in a numerical example to demonstrate the value of a 
new form of periodogram. a v4 
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a correlation, although somewhat favorable, is not at all 
definite, since one pair out of every 47 pairs of curves 
should give a relationship of this size by mere accident. 
However, a glance at the periodograms shows that this low 
coefficient: has. come, not from the usuai error distribution 
of dissimilarities but from the ends of the curves, especially 
the end of longer periods. Here the later curve shows a 
high peak with a slight side protuberance, while the 
early curve shows, in exactly the same place, two low 
peaks. These are twice as high as the computed mean 
and would, therefore, give a positive correlation if we 
had used it instead of the measured mean. However, 
on account of the high peaks appearing in the periodo- 
grams, they are lower than that measured and for this 
reason give in combination with the high peak a very 
large negative correlation. If we omit these ends, using 
all the points 16--54, we find that these 39 central points 
ive r= +0.339 which is 3.55 times its probable error. 
he accidental expectancy ratio of such a correlation is 
one in 1,200, indicating a correlation far higher than we 
would expect from mere accident. The indications are, 
therefore, that several periods or cycles did persist 
throughout both halves of the data with a constancy 
greater than we could expect through accident. 
When we turn to the Pacific coast periodograms we find 
a very similar situation, although here the lower peak 
has capsized after starting up with the higher one. Here, 
on account of the fact that the high peak is truly remark- 
able, being 10.50 times the computed mean, the negative 
factors introduced lower the correlation, although it is 
still slightly positive, to less than its probable error. 
Once more we must notice that the use of the computed 
mean height would have given a positive correlation 
between these peaks. Using the same 39 central points 
which we used for The Punjab, we obtain r= + 0.435, 


0.0876 and ~ = 4.96. The accidental expectancy 
Tr 
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Fic. 2.—Rainfall periodogram of the U.S. Pacific coast 


ratio of such a correlation is one in 20,300, a quite definite 
proof of relationship... Entirely apart from the mathe- 
matical proof given by these correlations, a mere visual 
examination shows quite well the persistancy of the 
spectrum of periods. 
In the case of the periodograms of the British Isles a 
lance is sufficient to show that the relationship can not 
accidental. Throughout the length of the curves 
cely a disagreement. Out of ten peaks, 


there is scar 
nine show almost perfect agreement. None are high but 
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we can not doubt at all their reality and approximate 
constancy. We find r= +0.432; ¢«,=0.0726; = 5.96. 


This ratio tells us in exact numbers what inspection has 
already told us, i. e., that the peaks are real. The 
expectancy ratio is one in 150,200. 
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Fra. 3.—Rainfall periodogram of the British Isles 
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Before we turn to the periodograms computed from 
the entire data stretches, we must consider one or two 
points of theory. 

(a) If the periods are accidents, the peaks found in the 
periodograms from halves of the data should have H 
as high as from the whole stretch. If they are real and 
approximately constant, the H’s should increase in height 
and if they are more than slightly variable the H’s 
should decrease very much. 

(6) The ‘‘spectroscope,”’ for the periodogram may well 
be called such, has four times the resolvin wer when 
applied to these double data stretches. ere, previ- 
ously, peaks mer d or displaced each other, they may 
now be separated. Magnitudes and positions will be 
determined more accurately. Low peaks, which were 
comparable with the accidental errors, will begin to 
appear in their true form. 

Fics the first half of the data of the Punjab the highest 

aks are H=7.48, 5.40, and 4.42. From the latter 

alf they are H=6.64, 5.77, and 4.73. From the total 
stretch they are H=7.98, 7.08, 6.23, and 6.01, a very sub- 
stantial and consistent gain. The expectancy ratio of 
the highest of these is one in 2,900; that of the lowest of 
the four is one in 410. The first half of the Pacific Coast 
data gives H=5.90, 5.84, and 5.20, the latter half gives 
H=10.50, 5.03, and 3.79. The H’s from all of the data 
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Fa. 4.—Rainfall periodogram of the Punjab (entire data series) 


are 10.60, 8.55, 8.18, and 6.13. It is true that the gain 
in the case of the cee peak is almost negligible, but 
the consistency of the other gains makes our evidence 


>= 


See as definite as it was before. The expectancy ratios 
or these four highest peaks vary from one in 460 to one 
in 40,000. 
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Naturally, from what the halves disclosed, the British 
Isles data should show by far the best evidence. The 
first half of the data gives H=4.43, 3.90, and 3.86; the 
latter half H=5.33, 4.53, and 3.40. The total stretch 
given H=8.35, 6.18, 5.54, and 5.19, a truly remarkable 
gain in height. The expectancy ratios vary from one in 
175 to one in 4,200. 
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Fic. 5.—Rainfall periodogram of the Pacific coast (entire data series) 


We have in previous papers considered very carefully 
the relationship of rainfall periods to the sun-spot period 
and have seen a very marked bias, enough to make it 
possible to compute the sun-spot period with accuracy 
from the rainfall data. In this section of the work the 
distance between adjacent harmonics is so small that 
ca displacements of the peaks by the accidental errors 

ill cause the relationship to disappear. There is, how- 
ever, a method by which it is possible to weigh the evi- 
dence submitted by the data as a whole. If there be a 
bias, the correlation coefficient between stretches of data 
separated by the sun-spot period or a multiple of it should 
be larger than would be expected by accident. It must 
be remembered, however, that we are able only to com- 
pare after an exact number of datum intervals and that, 
therefore, the correlation will be lower in general than 
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Fic. 6.—Rainfall periodogram of the British Isles (entire data series) 


if we could match stretches more accurately. The 
Punjab shows the simplest relationship. Inspection 
shows a similarity after 47 phases or 23144 years. The 


correlation computed is r= +0.202; ¢,=0.0737; ‘ = 2.75, 
which corresponds to an expectancy ratio of one to 243. 
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In the case of the other two sections we find that the 
correlation occurs after double the sun-spot period. For 
the Pacific coast the correlation is best after 89 phases, or 
441% years. Itis 


r= +0.194; «¢=0.0860; 2.25 


The expectancy ratio of such is 1 in 90. The period is 
exactly twice the sun-spot period. 

The British Isles are much more exact and will be 
discussed in detail in the next issue of this journal. 
The best correlation occurs after 43 years. © 


r= +0.273; ¢,=0.0780; 78.50 


The expectancy ratio is 1 in 1,100. The positions of 
the periodogram peaks all fall very close to harmonics of 
a period of about 43.1 years. Half this period, or 21.55 
ears, differs from the sun-spot period by only 0.7 year. 
he mean of the three sections gives 22.43 years as the 
sun-spot period. 

In conclusion we find that, just as in the previous 

panes, when we consider shorter periods and therefore 
ave more cycles available, the evidence becomes more 
definite in favor of: 

(a) The real physical existence of a “spectrum” of 
rainfall periods. 

(6) The relationship of rainfall periods to the sun-spot 
period. 
(c) The approximate constancy of rainfall periods, in 
length at least. 

vidence against constancy of their magnitudes is 
lacking. 

Beyond this, all is more or less speculation; and while 
it seems that the time has come for some sufficiently 
guarded speculation, the consideration of economic value 
clearly belongs in a separate paper. 

The research committee of the Graduate School of the 
University of Kansas have assisted in this work by a 
grant through which computers were engaged to do more 
than half the routine computing. The Chief of the 
United States Weather Bureau and other officials there 
have very kindly made data available, even to the extent 
of making manuscript copies where necessary. As-in all 
these papers, Professor Kester has encouraged and 
advised, contributing greatly to whatever success the 
work may find. 
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TaBLE 1.—Percentage departures from normal ipitation, by 
half years, for selected regions, 1834-192 ontinued 
British British British} > British 
Year | Pacific) “istes |The “isles || Year | Pacific! “istes he isles 
coast yagi Punjab| B coast A Punjab: B 
1888... +6 || 1882....| +14) ~—27 
+3 +16; +10 20 
1839... —7 || -5| -6| 
+28 || -37| -3| -1 
1840... —12 || 1884....,| +87| -6| 
+12 
+13 || 1885....| —54| —3| +40 
+32 +54; -15| —19 
1842... || 1986....| +20) +10) +53 
1843... 4-41 -88) -@) = 
1844... —9 || 1888...| —ll| 
+20 +6 +5 +3 
+9 || 1800...) +17) +32 —2 
+9 —4| +26 +1 
—14 +21 —21 +22 
1848... +42 || 1892....| -16| -59| 
+9 +34 |. +47 +1 
+3 || 1808...) +2] —32 
1850... .. +1 || 1804.... —5| +22; +02 +22 
—18 |........| —16 -1| +34 —4 
1851... $12 +12 || 1806....;| +13] -32| —33 
1862....| +7 || 1896... +14| -20| —i8 
+138 | +55 +41 +13) +6 
1858....| +3 | +412 +5 || 1807...) +22) +17 
1864....| —2 ~—13 || 1808....| -6 
—22| —32 —4| -12| 
1865....) +23) —29 || 1809....,) +14) +15 
1856....|  —4| +16 +13 |} 1900...) —36 +8 
—10 -12 +38); +12 
1857....| —8| —15 —9 1901...) +48) +7 -9 
+20) -6 —10 -9| -13 -9 
1858....| +15| —20 || +4] —24 -9 
+% —18 -17 +8) —17 
—1 || 1908....| —5| +383) —39 
+26 +9 +8 —36 +27 | +26 23 
1860... .. 34 +31 || 1904... +9] +12; +22 13 
+16 +14 +14| -13 
1861... —15 || 1905....| +19 —4 
+68 +4 +11 —18/ —17 
1862....| +77| +29 +30 || 1006...) +48) +15) +35) +15 
+1 +30; —4| +25 —2 
1863....| —19 +21 +3 || 1907....; +82 +14; +51 +14 
—39| -18| +50; -13} —3 
1864....; —44| -—5| || 1008....| +3) +4 
+44; -8| —-I18 —33| +86 --6 
1865...) —-27| —2 —7 || 1900....| +44) +3| +15 
+17 +1 +46) +5) +40 
+66 -3| +413 +17 —4 
1867....| +31 -22| +36] -10! +79 —6 
+108; +1) —-12 -6| 
1868....| +28] +41 +6 || 1912....) +10} -16| +13 
1869....| 49] +12| +13 +7 || 1913-.-.| —30} +14) +36/ +16 
- —8 +15} -—21! ~4| 
1870....| —24| -23| 1914....| 420; +1] +32 
1871....| —25| +4| +23 +6 1915....| +26 +10 +5 
+63; -1| —39 —6 —7| +16) —45| +10 
1872....|. —8| +31 +83 || 1016...) +38 31} —36 
-7 +21| +31 0 16 
1878....| -80| 1917... ~22| +18 
+35 +21 +5 —71| +2) +127 +3 
—12|} -18 +5 +26) +27 
1875...-. —9} -53| || 1919.... +5 
1876....| +21 0 || 1920....| +16; +25 
—49/ +16] 411} +15 -10| —40 —5 
1877....| —43| +33 +34 1921...) —4| -75| —16 
+15| +20 +37; -13| +23 —6 
1878....| +73} +11] +18} +11 1022....| —36 +65 
—50; +13 —12 +31 +5 
1879....| +24] 1008... +7 +5 
1980....| +23} —10|| +42) —i4 +2 
+17 +21; +30; +23 
1881... +6 +2 
+10; +2] +10 
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q 
5 
1 The upper value of each section, given opposite each year, is the percentage of normal : 
of that section for the first balf of the year; the lower value for the second half of the year. 
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TABLE 2.—Rainfall periodograms for 24% to 1% years 
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TABLE 3.—Rainfall periodograms (entire data series) for 244 to 1% years 
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PAPERS ON THE REALITY OF METEROLOGICAL PERIODICITIES 
INTRODUCTORY NOTE 


By C. F. 


It is interesting to present in the accompanying articles 
the opposing views of two prominent hydrologic engineers 
concerning periodicities in rainfall and stream flow. 

The perplexing question of the underlying laws con- 
trolling meteorological sequences can not be disposed of 
by simple theories. Deductions must follow observa- 
tional data and be consistent with known physical laws. 

Constancy in consecutive values of meteorological 
data is an unknown characteristic, whether we examine 
individual values of such groups as monthly, seasonal, 
annual, or lustrum means, etc. The same is true with 
data treated by smoothing formule. Ceaseless fluctua- 
tions in consecutive values is the outstanding feature of 
the time function of meteorological data. e can not, 
in advance of suitable summaries of actual observations, 
safely proceed on the theory that more or less striking 
fluctuations will not be found in data, even for the entire 
globe, if appropriate units and summaries are employed. 

very investigation of meteorological sequences en- 
counters at the outset the question: Is the order of succes- 
sion of values fortuitous and lawless, or is it systematic 
and controlled, in some slight degree at least? 

Mr. Clough’ has summarized the greater part of what 
is known of the mathematical characteristics of purely 
fortuitous data as compared with those displayed by 
meteorological statistics. The latter, when tested by 
one or more criteria, rarely fail to show that the order 
of succession of the natural data differs more or less from 
a perfectly fortuitous one. This would doubtless prove 
to be the case with most of the sequences shown by Mr. 
Streiff, as well as those of Mr. Grunsky. Such being the 
case, the data call for appropriate interpretation. How- 
ever, statistical evidence that the order of succession in 
California rainfall is controlled does not imply that Mr. 
Streiff’s paricular interpretation is necessarily confirmed. 
If we say the features are periodic, the word period must 
be very liberally defined to signify recurrences at intervals 
which may differ in length at least 100% in extreme cases 
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and with variations in amplitude also. No better 
appellation than ‘periodicity’ has yet been proposed for 
these irregular recurrences, and a good deal of skepticism 
about meteorological periodicities is aroused when the 
sense in which this word is necessarily used is narrowly 
construed. | 

The recurrent features develop with greater or less 
regularity in all classes of data and undoubtedly call for 
segregation, study, and interpretation. 

The Brickner period (25 to 35 years) is so long and so 
obscure that observations for 150 to 200 years are abso- 
lutely necessary to even fairly demonstrate its reality. 
Nevertheless, evidence of its presence in shorter pores 
can not be entirely disregarded. 

A partial harmonic analysis of the California rainfall 
percentages from 1851 to 1926 gives for the San Francisco 
and Sacramento values a large, well-defined secular 
trend, characterized by moderate values after 1850, 
rising to sustained maximum ratios during the eighties, 
followed by low minimum values about 1916 and tendin 
to higher values at the present time. This secular tren 
is quite accurately represented by a 70 or 80 year period, 
but it would be folly to claim that such a period is real; it 
is simply a secular trend. The amplitude of any short 
period around 30 to 35 years is quite insignificant in the 
central California data, but a period of 20 to 26 years has 
a relatively larger amplitude of about 15 per cent above 
or below normal. 

The San Diego values are in close accord with those of 
central California up to 1907, but remained generally 
above normal thereafter. The secular trend is, there- 
fore, missing. The amplitude of a 36-year period comes 
out below 15% with crests at 1881 and 1917, whereas the 
24-year period has about the same amplitude, the two 
periods in this short record being mathematically ‘in- 
dependent. 

These results indicate how different and uncertain con- 
clusions are when they are drawn from records of in- 
adequate length. 


Il. THE IMPROBABILITY OF RAINFALL CYCLES 


By C. E. Grunsky, Consulting Civil Engineer 
[San Francisco, Calif.] 


There has just come to the writer’s attention the 
article by Mr. A. Streiff “On the investigation of cycles 
and the relation of the Briickner and the solar cycle,” 
published in the Monrnty WearHer Review of July, 
1926. His conclusions are by no means convincing. 
The fact is so well known that. the annual precipitation 
on the surface of the earth, taken in its full extent; may 
be accepted as equal to annual evaporation—if transpira- 
tion be included in evaporation in the sense as here used— 
and that the amount of heat which reaches the earth 
from the sun year by year varies within such narrow 
limits, that aggregate annual evaporation, and conse- 
quently precipitation, on the entire surface of land and 
water, when one year is compared with another, may be 
accepted as constant in amount. There must, therefore, 


be a more or less complementary relation between those 
regions in which there is a deficiency of rain in any year 
(compared with normal) and those other regions in which 


there is an excess. Moreover, the complementary regions 
are not persistent in location or area.,,There is never- 
ending change, much more likely to be caused by slight 
variation in ocean currents and ocean temperatures than 
by activity in the solar chromosphere. Rainfall for this 
reason is not at all likely to respond. to or to harmonize 
with cycles of solar or planetary influence. This is 
partially true also of tree rings when they are used as 
indices to climatic conditions. The growth of.the tree 
is only occasionally, asin parts of California and only 
when suitably located, an index to droughts and to wet 
years. 

An illustration or two may suffice to show how little 
dependence can be placed on rainfall and stream-flow 
records for the deducing of cycles and to’show that care- 
less use thereof must always throw doubt.upon resultant 
conclusions. In noting average rainfall conditions 
throughout California the United States Weather Bureau 
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unrelated 


Red Bluff for rain in central California. 


quite properly makes use of 12 records widely scattered. 
he rainfall at Red Bluff and at other stations is grouped 
with the rainfall at San Diego to obtain averages, even 
though it is well known that, particularly in the winters 


of the dry type in: this State, when our main Lows enter 


from the ocean far to the north of Oregon and produce 
only light rain in northern and central California, there 
may be heavy rainfall at San Diego resulting from entirely 
southern storm conditions. As examples of 
the lack of consistent correlation, the following com- 
parison of the rainfall in terms of the annual normal in 
the vicinity of Los es with that in central portions 
of California, all of which show wide departure from the 
ordinary relation, may be cited. This comparison is 
based on the rainfall records at three stations, Los Angeles, 
San Bernardino, and Santa Barbara for rain in the vicinity 
of Los Angeles and on San Francisco, Sacramento, and 
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hopelessness of ‘using Pacific slope rainfall records as a 
basis for the determination of cycles from records even 
as long as 80 years. 

_. The rainfall is expressed in this diagram in percentage 
of normal, The figures given as the averages can be 
applied with confidence to any portion of central Cali- 
fornia for which the normal rainfall is known. The per- 
centage of normal for the individual years at the three 
selected stations are in such remarkably close agreement 
that the composite values shown in the diagram may he 
accepted as a better indication of rain conditions which 
have produced run-off than any single station record. 
It will be noted that in central California from 1849 to 
1890 there were quite a few rain years (July 1 to the fol- 
lowing June 30) in which precipitation exceeded normal 
by 50 to 100 per cent. There have been no such years 
since 1889-1890; and yet they must be looked forward 
to with certainty as to their occurrence at some time in 


cussing cycles combines the San Die 


Mr. Streiff, in the article above referred to, in dis- 
record with 
station records as far north as The Dalles and Astoria, 
thereby invalidating in some measure the sequence of 
wet, of normal, and of dry years, which the northerly 
records considered alone would indicate. | 

On a diagram (fig. 1) herewith submitted there is 
shown the rainfall in central California based on the 
three dependable records, San Francisco, Sacramento, 
and Red Bluff, a mere inspection of which will show the 


2/0) 
RAINFALL m CENTRAL CALIFORNIA 
at Fed Bluff « M77. 
Normal Annual Fain at Sanfrancisco « 28.2” 
a Sacramento 160) 
at Fed Bluff 47° 
Prepared by CE Gauusur, December 10 
& 
tae 
Lie 
/00 
90 
£0 
the future. No one can foretell when the next very wet 
climatic year or group of wet years will occur. ‘There is 
Abate ‘ no possibility of any forecast thereof by the use of sun- 
entra | Near Centra | Neat spot or any other cycles, 
California Cal — That the varying radioactivity of the sun and its 
Angeles Angeles re 
periodic extreme conditions as manifested by minimum 
to MOUs 30 se || 1906-06... 108 and maximum sun-spot frequency is very likely to in- 
1871-72-22 at 69 || 1917-18. 83 growth of trees, appears clear, but conclusions as to 
rainfall should not, as already intimated, be drawn 
1887-88... -..--.-. 69 107 with too much confidence from the appearance of tree 


rings. 

The use of stream flow in a study of meteorological 
cycles introduces new factors of uncertainty. The stream 
flow is not definitely related to the rainfall. It is well 
known that in the West, for example, the distribution of 
the rain to the several months of the year, or, better, its 
amount during individual rain storms and the sequence of 
the several storms of the year, influences greatly the 
amount of run-off. Any established relation between 
between rain and run-off is only a probability, from which 
wide departure must be expected. A new source of error 
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is therefore introduced when stream flow is used in the — In further explanation of the futility of correlating pre- 
study of weather cycles. Furthermore, for only very cipitation and sun-spot pony we 3 and as basic data for 
few streams are dependable records available for long- students of the subject, a second diagram has been pre- 
time periods. Then, again, in such cases as the flow of pared showing four curves as follows: The progressive 
Niagara River and the elevation of Lake Ontario there five-year average amounts of rain in’ terms of normal 
are other disturbing factors. EvaporationfromtheGreat annual at the Great) Lakes; the ‘progressive five-year 
Lakes has a relatively wide range and directly modifies average water’ production of the Great Lakes, / also 
the outflow of water from the lakes, disturbing the corre- expressed in percent of normal; the stages of the 
lation of rainfall and water production. Below Lake Great Salt Lake, Utah; and the progressive five-year 
Ontario is the Cut Dam across one of the branches of the average amount of precipitation in central California. 

St. Lawrence. The lake elevation fluctuates within nar- The determination of precipitation at the Great Lakes 
row limits; the dam affects the lake stage more or less. as shown in this diagram applies to theentire watershed or 
There should at least be a separation of this lake record drainage basin tributary to the Niagara River. It is 
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into two portions, one before the construction of the dam probably the most dependable determination ever at- 
and the other subsequent to its construction. Other temp for this region, being based on the records in 
human activities have affected the stages of the Great a 53-year period, 1871 to 1923, at 47 stations in the 
Lakes and the outflow from them, all of which should be United States and 7 in Canada, all suitably weighted to 
taken into account in determining stream flow or water determine the normals for the 53-year period, which were 
production when such data are to be used in the manner a used in calculating the annual percentages of 
of Mr. Streiff’s paper. normal. This compilation was made several, years ago 
It is quite probable that all efforts thus far made to by the writer for the Sanitary District. of Chicago in:con- 
find long-term cycles in the varying annual precipitation nection with a study of rainfall and of water production 
or in the stream flow are premature, even as it may be in the Great Lakes Basin. sti! 
considered certain that variations in rain corresponding The shapes of the curves on this diagram indicate at 
to one-third and other fractions of the solar cycle—as once that longer time is needed to prove the existence of 
suggested by some students of meteorology—are mere any notable cycle, or, perhaps, to establish conclusively, 
accidents and can never be conclusively established. as the writer believes, that none will ever be found... - 
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Ill. SUNSPOTS AND RAINFALL 


By Asranam Srretrr, Consulting Engineer 
[Jackson, Mich.] 


That original data of.rainfall present an irregular and 
fortuitous appearance is wellknown. Rainstorms passing 
at a short distance from a dry observing station, erratic 
distribution of rain m cyclones, and the multitude of 
physical and geographical causes varying and influencing 
rainfall are well known. In central Texas, September 7 
- to 11, 1921, 4 inches of rain fell in 35 hours in one place 
and 23.98 inches was recorded only 18 miles away—a 
whole year’s supply in three days. © 

This accidental distribution is a generally known fact. 
If, however, larger values of the elements of time and 
space are selected, a different picture appears. The writer 
has pointed out that the rain gage is virtually but a 
point in space and that run-off records do have a far more 
regular structure than rainfall records, probably because 
the integrating effect of large drainage areas offsets the 
added factors of seepage, transpiration, evaporation 
which influence run-off. This regular structure is a 
statistical fact, unassailable by theoretical considerations, 
which, indeed, rather should be based on such facts. 

The accidental character of rain-gage data, while con- 
taining a large fortuitous element, is insufficient to 
obliterate the underlying trend. By ante statistical 
methods the underlying laws can be 
entirely invisible.in the original data. Even the erratic 
rain gage will yield its secretly hidden periodic variations 
iftreated with a proper method of analysis. 

Nature provides the foundation of this analysis (inte- 
gration) by collecting the precipitation in a vast drainage 
area and leading it into large storage basins. The varia- 
tions in lake level are, in fact, the first integral of the pre- 
cipitation, and, as hereby the longer cycles are increased, 
and the shorter in amplitude, these variations 

veal unmistakably the succession of wet and dry periods. 

he famous terraces of Lake Bonneville and the periodic 
filling and letion of the lake have been carefully 
studied (1). The Great Salt Lake rose 914 feet between 
1860 and: 1877, fell 4114 feet- between 1877 and 1905, and 


has risen 7 feet since then. The level in the Great Lakes” 


was lowest in 1819, 0.5 foot lower than in 1925; it rose 
6.6 feet from 1819 to 1838; both record stages occurring 
long before the Chicago drainage canal or the Soo Locks 
or the Gut Dam were made or the Detroit River was 
dredged (2). | 

Presumably, then, there is no discussion as to the 
existence of such periodic variations, the question rather 
being to what extent such variations are apparently for- 
tuitous or, on the other hand, seem to be subject to cross- 
identification with other known phenomena of nature. 

In the tangled skein. of natural phenomena indications 
of periodic recurrences have long since been found, and 
their correlation has been a subject of prolonged and 
searching investigation. The periodic variations of rain- 
fall have been carefully studied by Hellman (3), Briickner 
(4), Jenkin (5), Moore (6), Brooks (7), Abbé Gabriel (8), 
Schokalsky (9), Hann (10), Stockman (11), and many 
others. A discussion of such chanae may be found in 
the works on climatology or physic geography, as Hunt- 
ington and Visher (12) or Elisée Reclus (13). 
an accepted fact and can no longer be doubted. 

It is now 37 years ago that Professor Eduard Briickner, 
Roost her at the University of Berne, Switzerland, pub- 

hed his famous work, “‘Klimaschwankungen seit 1700.”’ 
Herein the variations of rainfall are studied by means of 


They are 


ound, which are 


meteorological records and also through the historical 
records of the variations of lake levels, which, for many 
lakes and inland. seas of the old world, reach far back 
into history. Briickner concluded, from these and many 
other elaborate statistics, that three variable cycles in 
climate exist, superimposed on each other, the shortest of 
which is now called the “‘Briickner cycle.” 

Such studies are being pursued up to the present day; 
one of the latest publications on lake levels as a means 
of forecasting rainfall being the study of Axel Wallén, 
“Zwolf Jahre langfristiger Prognosen von Niederschiag 
und Wasserstand”’ (19). 

It is evident that in order to successfully support the 
theory that cycles in rainfall are illusory, the critic faces 
the task of pointing out errors in the statistics of these 
scientific investigators. Mere presentation of curves of 
original data having a fortuitous, appearance seems in- 
sufficient. Original data always do present a fortuitous 
appearance. So did those used by * writer; the cyclic 
elements can of course only be found by means of proper 
methods of analysis, and the article here discussed was 
written principally to demonstrate certain methods b 
means of which correlations apparently were easily found. 


.. The next question is whether the cycles in rainfall are 


in any way related to the Wolf numbers. This, too, has 
been the subject of many investigations. 
Walker (14), Buchan (15), Schreiber (16), Koenig (17), 
have studied the matter carstuly C. E. P. Brooks (18) 
published striking graphs for Victoria Nyanza in equa~- 
torial Africa which show the correlation clearly. These 
studies deal with the 11-year cycle. 


The Briickner cycle, though unquestionably estab- 


lished, remained a detached fact unrelated with any — 


known phenomenon of nature. Professor Briickner, 
searching for a plausible explanation of the climatic 
cycle, devoted a chapter of his book to the comparison 
with the Wolf numbers, but arrives at a negative result. 
Indeed, it appears that the climatic cycle is not related 
to the 11-year cycle, but if a mass curve is made of the 
Wolf numbers the relation of the Briickner cycle to the 
er, a in the Wolf numbers becomes immediately 
visible. 

This perhaps is the solution of the riddle of the 
Briickner cycle; it seems identical with the long swin 
in the Wolf numbers or, more accurately, with the secon 
largest cyclic element in the Wolf numbers. It is readily 
admnithed, however, that for a proper scientific proof of 
the relation a vast array of statistical evidence must be 
given, such as furnished by Briickner to establish the 
climatic cycle. : 

On the other hand, in order to disprove the relation 
it will be necessary to furnish reliable data in which the 
Briickner cycle can not be found. The data of rainfall 
at San Diego and San Francisco and Sacramento are 
not proper material for this purpose, for these records 
show (see graph on p. 70) not only the cycle, but also 
that in spite of the large accidental differences from year 
to year in the rainfall of central California and southern 
California, as shown in the above discussion, the two 
records show the Briickner cycle in practically the same 
phase. And it is also shown that the cycle is nearly 
opposite in phase to the same cycle in the Wolf numbers, 
while in the East it has the same phase in rainfall and 
Wolf numbers, . 


Sir Gilbert. 
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Brickner cycle has considerable amplitude, although the 
curves shown are residuals and do not give the full ampli- 
tude, the amplitude of the residual at San Diego is not 
less than 35%/,of the mean for the epoch shown. | Also, 


this residual (San Diego) seems, to coincide with the. 


residual of Douglass’ sequoia record (1915, 11 trees). 


Other investigators have found a relation between San_ 


Diego rainfall and sun spots. Mr. John R. Freeman 
writes: ‘‘Three years ago, when studying on the water 
supply, for the city of San Diego, 1 became perfectly 


convinced that in that region there was a connection. 


between, the Wolf sun-spot cycle and the great floods 
which have come, about once in 10 years, ever since the 
earliest days of the Spanish missions.” 

Taking another quarter of the globe, the writer also pre- 


sents (p. 70, top) a residual of the run-off of the Murray 
River, one of the largest drainage basins of Australia, the 


record of which was obtained through the courtesy of Mr. 
Elwood Mead. The relation is here 
the Brtickner cycle in run-off differs about six years in 
phase between South Australia and California, 

_For the Middle West the relation with the Wolf 
numbers is plainly visible. The mass curve of the 


Huron River at Barton, Mich., obtained by the writer 
i 


through the courtesy of Mr. Gardner S. Williams, shows 


the relation with the 11-year cycle; also the secondary’ 


maximum at sun-spot minimum already pointed out 
by Hann (21). This is still better visible in the level of 
Lake Huron, the fall in level after 1913 (sun-spot mini- 
mum) bei 
not so plain 
Through 


visible in the river record. | 

ages and in various regions of the globe the 
relation is traceable. G, del Valle (22) presents interest- 
ing graphs of the long rainfall record of the ancient uni- 
versity city of Padua in the Po Valley and the high-water 
stages of the River Nile from 1725 to date, which reveal 
immediately the agreement with the two long swings 
of the “sectilar cycle.” (Fi “p. 292, MonTuty 


(Fig. 1, p. 
Weatuer Review, July, 1926.) the historic record of 


the high and low water stages of the Nile, A. D. 642 to 
1451, given by Aboul Mahasin in the “Mémoires de 
l'Institute d’ 
centuries, unmistakably shows the tendency of run-off 
to follow a periodic variation, having, according to Del 
Valle, peed of 210 years. Unfortunately the record 
of the Wolf numbers is too short to permit a comparison. 

It seems quite 
taken over the whole globe should vary from year to 


year in spite of the nearly constant amount of heat re- 
ceived yearly from the sun. Evaporation is dependent 


on humidity as well as temperature, and on other factors 
as well—as, for instance, exposed surface area and wind 


“Evaporation will ‘take place in a ‘thermally 
vessel without supply of heat, thereby lowering 


isola 
the temperature. The latent heat is always restored to 
the atmosphere upon condensation, and possibly is used 
repeatedly, as in industrial multiple evaporators. Per- 
haps the findings of Doctor Dorno, tending to prove (20) 
increased atmospheric condensation (circumpolarer Geg- 
enschein) with increasing sun spots, furnish a plausible 
explanation of the relation between rainfall and sun spots. 
However, the relation of Wolf numbers and terrestrial 
phenomena is, as Doctor Marvin expresses it, full of in- 
terminable perplexities, and undoubtedly contains many 
vere elements thus far wholly unexplained. 
tatistical evidence can always be classified as merely 
accidental until it becomes available in such large quan- 
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ain visible, and 


accentuated probably by evaporation and 


te, 1923,” covering a period of eight 


ossible that the total yearly rainfall 


71; 
It may further be seen that the variation due to’ the’ tity that the reality of the relation can no longer be 


doubted. On the other hand, unless reliable records are 
offered in which this relation can not be found by analysis, 
it seems unfounded to regard the mere fortuitous appear- 
ance of the original data as sufficient proof of the absence 
of a relation between sun spots and rainfall. 
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LAG OF THERMOMETERS AND THERMOGRAPHS FOR AIRCRAFT! 


By H. B. Henrickson and W. G. BromBacHER 
[Bureau of Standards, U. 8S. Department of Commerce] 


The time lag of thermometers used to measure air 
temperatures may be of considerable importance in cases 
where the temperature to be measured may be changing 
rapidly. Data on the time leg of various types of ther- 
mometers designed for installation on aircraft for the 
measurement of air temperatures would therefore be of 
value in the design and selection of instruments for such 
measurements. Measurements. were made of the time 
lags of a representative group of instruments selected 
from those available in the labobaee . This work was 
undertaken in the course of the development of aircraft 
thermometers for the National Advisory Committee for 
Aeronautics and the Bureau of Aeronautics, United States 
Navy, and acknowledgment is here made of their financial 
assistance. 

It is known that the lag is dependent upon the velocity 
of the air stream to which the temperature element is 
exposed. The values reported here were for an exposure 
of the element in an improvised wind tunnel in which a 
maximum velocity of 17 miles per hour could be main- 
tained. The data are therefore chiefly of value in deter- 
mining the relative lags of the various instruments, but 
it is Seo possible from available data to estimate the 
order of Ss pasa of the various lags at customary 

speeds. 

A detailed discussion of the question of thermometric 
lag is given in a paper by Harper.’ In general, a problem 
of, thermometric lag can be trea with sufficient 
accuracy by assuming that Newton’s law of cooling 
applies—that is, that the rate of change in the temper- 
ature of the thermometer is proportional to the difference 
between this temperature and that of the surrounding 
medium. If T be the indication (temperature) of the 
thermometer, ¢ the time and U the temperature of the 
medium, Newton’s law is expressed by the equation: 


(1) 


The equation is written so as to make \ a-positive 
constant, for if \ is positive, and U is higher than 7, 
dT/dt will also be positive. The constant of propor- 
tionality is written in the form 1/d for convenience, 
because when.so written \ can be interpreted in a simple 
and useful manner. Two such interpretations are given 
by Harper (p. 662): 

(1) If a thermometer has been immersed for a long time in a 
bath whose temperature is rising at uniform rate, \ is the number 
of seconds between the time when the bath attains any given 
temperature and the time when the thermometer indicates this 
temperature. In other words, it is the number of seconds the 
thermometer “lags” behind such a temperature. 

(2) If a thermometer be plunged into a bath maintained at a 
constant temperature (the thermometer being initially at a different 
temperature), \ is the number of seeonds in which the difference 
between the thermometer reading and the bath temperature is 
reduced to e~! times its initial value. 


¢ is the base of natural logarithms and equals 2.718. 

Definition (1) is of especial importance in aeronautics. 
In the performance testing of aircraft a maximum rate of 
climb is ustally maintained, and therefore the tempera- 


! Published by permission of the Director of the National Bureau of Standards of the 


U. 8. Department of Commerce. 
2 Thermometric Lag, Bulletin, Bureau of Standards 8, p. 659-714, 1912 (S. 185). 


ture of the free air in the vicinity of the aircraft is 
decreasing. Assuming the maintenance of a are | rate 
of climb of the aircraft, the following relation will hold 
when conditions become steady: 


where U is the air temperature, 7 the indication of the 
thermometer, r the rate of change of free air temperature. 
per second and X the lag of the thermometer. Thus, for 
example, assume that an airplane climbs at a rate of - 
3,000 feet per minute in an atmosphere in which the 
average conditions of free-air temperature exist. The 
value of r is then approximately 0.1° C. per second.. 
Further, assume that the lag, A, of the thermometer 
when exposed to the free air moving at the air speed of 
the airplane is 10 secends. Inserting these values in 
equation (1) it is seen that (7—U) equals 1° C., which 
means that the indication of the thermometer lags 1° C. 
behind the free-air temperature. If the lag is assumed. 
to be 30 seconds, the indication lags 3° C. | ae 


METHOD OF DETERMINING LAG AND EXPERIMENTAL PRO- 
CEDURE 


The following relation is given by Harper (see peevious 
reference) as the basis for the method here used. of. 
determining lag: 


t 
T,— U, 


in which 7, is the indication of the thermometer when 
the time, t, equals zero and 7’ its indication at time ¢, 
while. the thermometer is immersed in a bath at tempera- 
ture U,. This relation is subject to certain assumptions. 
which are valid for the determinations here reported. __ 
The temperature elements of the thermometers under 
tests were brought to a temperature T,=0° C. and then 
suddenly immersed in an air stream of a wind tunnel, at 
room temperature U,, which was approximately + 25° C. 
Observations were made of the changing readings of the 
thermometer at known intervals of time, The tempera- 
ture of the air in the wind tunnel, U, was also carefully 
noted and was found to be constant during the short. 
period of time required to obtain the wind tunnel observa- 
tions, usually about one minute. Amy inaccuracies in 
this connection would appear in a marked departure 
from a straight line of the points at the right end of such 
curves. as are plotted in Figure 1. 
The wind tunnel consisted of a cardboard tube 10. 
inches. in diameter built around two electric fans, one 
laced at each end of the tunnel. An opening was cut 
in the middle of the tube and a French Pitot-Venturi 
nozzle. of known calibration was inserted in order to 
measure the air speed. The pressures developed by the 
nozzle were observed on a water manometer. On 110 
volts the fans gave an air speed of 10 m. p. h.; on 220 
volts, an air speed of 17 m. p. h. 
Thin sheet-metal containers, just large enough to hold 
the various thermometer bulbs, were used to keep the 
bulbs dry while packed in cracked ice. 


A= (3) 


H | | 
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The bulbs of all indicating instruments were placed in 


the wind tunnel so that the lorig axié of the instrument 


or element was at right angles to the long axis of the 
wind tunnel. The principal planes of the temperature 
elements of the thermographs were parallel to the axis 
of the wind tunnel during the tests. __ 


| RESULTS 
~The elapsed time in seconds plotted against the ex- 


pression 


loge 


for an ait speed of 17 m. p. h. is shown in Figure 2 for 
each instrument. Thé slopeof any line when multiplied 
by 0.434 in order to obtain logarithms to base ¢ is the 
lag in seconds. 
including values determined for the lag, is given below. 
A: A liquid-in-glass column-type instrument designed 
for use as @ strut, thermometer. The corrugated cylin- 
drical bulb was unusually large (1.75 inches long by 0.43 
inch in diameter) and contained a considerable mass 
of liquid. It was protected by a metal shield which 
was perforated so as to permit air flow around the bulb. 
Similar to instrument shown in Figure 10 of National 
Advisory Committee for Aeronautics Technical Report 
No. 126 on Altitude Instruments. Lag, 57 seconds. 


B: A thermograph with a liquid-filled Bourdon tube 


for the temperature element. The tube (2.25 inches 
long, 0.62 inch wide, and 0,06 inch thick) had a consider-: 
able mass of metal as well as liquid. Lag, 33 seconds. 
Astrut thermometer. This instrument was similar 
to instrument A above, including also the protective 
covering of ‘the bulb, except) that the bulb was rather 
long, thin, and flat (3.25 inches long and 0.5 by 0.19 inch 
im cross. section), and had somewhat less 1 ass. Lag, 
32 seconds. 
_D: An ordinary ‘‘chemical” mereury-in-glass ther- 
mometer. The bulb was rather small (0.5 .inch long by 
0.19 inch in diameter). Lag, 18 seconds. : lo 
E: An electric: resistance thermometer. The tém- 
perature element, 7, mounted on top of the wind tunnel, 
was a No. 36 silkecovered nickel wire wound upon 4 
thin metallic tube! (2.25 inches: long by 0.62 itch im 
diameter). The resistance was 205 ohms at room tem- 
perature. Holes had been: bored into the outside: pro- 
tecting tubing so as toireduce'the lag. The temperature 
for this particular bulb was found to be 17 seconds. 

ihe average of six determinations) at an air speed: of 
17 m. p. h. and 22'sevonds (average of two determina~ 
tions) at an air speed of 
F: A thermograph with a bimetallic strip temperature 
element (2.5 inches long, 1 inch: wide; and 0.023: inch 
thick). This instrument, as expected, had the lowest 
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A brief deseription of the instruments, 


73. 
thermometric lag of all the instruments so far tested. 

, 13‘ secorids, 

ata given by Harper for a ‘‘chemical mercury ther- 
mometer’’ cover a range from 0 to about 24 miles per 
hour. Extension to flying speeds involves a very con- 
siderable extrapolation, but by plotting 1/A against log 
speed, the curve can be Ah yeisivge y rectified, and 
extrapolation of this rectified curve indicates that. at 
flying speeds the lags would be approximately half of 
those determined at the air speed of 17 m.p.h. The 
data for two. speeds given for instrument EF also indicate 
that at flying speeds the lag would be about half that 
determined at the lower speeds. 


40\- 
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Fic. 1.—Curves obtained in determining the lag in an air stream of 17 m.p,h. Values 
the Jag are included. 
A; Strut thermometer, liquid in glass, bulb inclosed. 
B: Thermograph, Bourdon-tube element. 
: Strut thermometer, liquid in glass, bulb inclosed. 
: “Chemical” thermometer, mercury in glass. 
E: Electric resistance thermometer. 
F:; Thermogtaph, 


of 


SUMMARY 


The thermometric lag of six aircraft temperature 
instruments ventilated by an air stream of 17 m. p. h. 
was determined with the following results: 

A: Strut thermometer, liquid in glass, bulb inclosed, 
57 seconds. 

B: Thermograph, Bourdon-tube element, 33 seconds. 

C: Strut, thermometer, liquid in glass, bulb inclosed, 
32 seconds. 

D: “Chemical” thermometer, mercury in glass, 18 
seconds. 

E: Electric resistance thermometer, 17 seconds. 

F: Thermograph, bimetallic strip element, 13 seconds. 

In. general, the liquid-filled types have lags which are 
excessive for aircraft use. 
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A LAYMAN’S NOTES ON THE HURRICANE TIDE AT. MIAMI 


By W. J. 
{Miami, Fla., March 8, 1927] 


In the Montuity Weatuer Review I read an article ' 
several years ago on hurricane tides in which, as I recall 
it, the following facts were set forth: 

The hurricane tide has no connection with moon or 
sun. It is driven up by the winds in the right-hand rear 


uadrant of the storm which are the most violent of all. 


t reaches its highest crest. close to the right-hand side of 
the line of the storm’s advance and extends outward for 
considerable distances, but tapers off very quickly on the 
left-hand side of the line of the storm’s advance. The 
crest of the storm tide has reached heights of as much 
as 18 feet. 

To these I would add the following, based on observa- 
tions.made at Miami Beach during the September 18 
hurricane: 


The hurricane tide wave is much more abrupt than 
normal tides. It precedes the storm center. The highest 
crest of the storm tide occurs a little more than an hour 
before arrival of the storm center. Lowest water occurs 
with the arrival of the storm center. 

Data on which these observations are based are as 
follows: 

I was in an ocean-front apartment at Miami Beach 
throughout the storm. There is a 30-foot street in front 
of the apartment (Ocean Drive), beyond which is a park 
approximately 100 feet wide, and beyond this is the beach, 
varying from 125 to 200 feet wide according to formation 
and tide. 

At midnight I visited the beach. Wind was coming 
from almost due north, which made it parallel to or 
slightly off shore. There was little surf, the waves being 
less than 18 inches high. The wind had not reached gale 
proportions. The eastern sky was heavily overcast, but 
in the west it was clear and comparatively bright (the 
moon was nearly full) and stars clearly visible. The 
tide was normal. 

At 2 o’clock a. m. I again visited the beach. The wind 
had increased rapidly meantime and had now reached 
destructive force, making it necessary to crawl, as walk- 
ing was impossible. Trees were breaking and falling, 
visibility was practically nil (less than 20 feet), and the 
air was filled with sheets of horizontally driven salt spray. 
The roar of the storm was appalling. I found the water’s 
edge showing normal tide and little surf. 

After this time the wind reached such violence that it 
was impossible to again visit the beach until arrival of 
the storm’s center. 

The salt spray had filled the street level full and had 
also filled all low spots; but at 3:50 a. m.I noted a definite 
rise in the water over a sidewalk on the south side of the 
building, and by 4:30 a. m. salt water was 23 inches above 
the sidewalk. At 4:10 a.m. I heard a muffled thud, saw 
water spurt in around the front door, and, going to the 
side door, saw a breaker, perhaps 18 inches high, crested 
with broken water, roll past and disappear in the dark- 
ness inland. After this the breakers came regularly and 
continuously until 4:50 a. m. when they disappeared. 
Their greatest height was perhaps 24 inches about 4:30 
a.m. I also found a big Gulf Stream jellyfish just out- 
side the door on the sidewalk in the water at 4:25 a. m. 


1 Monthly Weather Review 48: 127-145. 


After 4:30 a.m. the water receded slowly at first, then 
faster, and at 5:05 water had disappeared excepting for 
puddles in the low spots. 

During this time the wind continued with extreme 
and “nee commenced increasing violence from very nearly 
north. 

Daylight now an to filter through, and at 6:05 
a. m. the wind suddenly fell to a light air and rapidly 
shifted to southeast by south. The air cleared and visi- 
bility increased to perhaps 3 miles. tao 

I at once visited the beach. I found ‘the water’ at: 
least a foot below normal low water—the lowest I have 
ever seen it. A tremendous surf was now pounding in 
from the southeast. At 6:40 a. m. a dark squall drove 
swiftly in from the southeast, and in 10 minutes the 
wind had reached greater violence than before. 

I presume the tremendous force of the wind, which 
was now diagonally on shore, again piled the water up 
ahead of it to some extent and that there was another 
rise in the tide on the beach. Violence of the wind, 
however, utterly precluded any attempt to confirm this, 
and the air was so filled with spray that the ocean was 
entirely invisible, 

As nearly as I can determine, therefore, the storm tide 
rose between 9 and 10 feet in the two and one-half hours. 
between 2 o’clock a. m. and 4:30 o’clock a.m. It fell’ 
between 10 and 11 feet in the hour and a quarter between. 
4:45 and 6 o’clock a.m. It reached its highest point an 
hour and twenty minutes before arrival of the storm’ 
eg and its lowest point when the storm center ar-) 
rived. ol 

My position was evidently in the northern (or right- 
hand) edge of the storm center. The sky never entirely 
cleared and I did not’ see the sun, but both clear sky and 
sunshine occurred 4 miles farther south during passage 
of the center. 0 

Proximity of the Bahama Banks, some 45 miles east 
of Miami Beach, probably prevented the winds from: 
driving up such a high storm tide as occurred at Galves~ 
ton. This fact, together with the fact that the wind was 
slightly off shore prior to arrival of the storm center, was 
probably the salvation of Miami Beach. i 

The es and time mentioned here do not coincide 
exactly with observations made along the water-front in 
the bay; but it is my opinion that in the bay local condi- 
tions, such as the shape of the bay, the inability of tidal 
waters to get in and out quickly, and other factors, had 
some effect. wit 

Other phenomena I noted were: 

Hurricane winds, or at least: the: clouds, mist, and 
apts , that accompany these storms, must be rather 
shallow. For after the sun rose, even when the storm 
was at its height, there was almost sufficient light to 
throw shadows. At the same time the air was so filled 
with horizontally driven salt spray, mist, and rain that 
houses 300 feet distant were entirely invisible and. those 
200 feet away could be seen only faintly. 

The barometer, which reached its extreme low of 27.61 
about 6 o’clock a. m., rose so rapidly when the storm 
center arrived that movement of the hand was actually 
visible. In the first few minutes it rose above 29. Of 
course it again quickly fell to nearly its former low when 
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the center passed. This change in atmospheric pressure 
was not noted nor mentioned by any of the occupants 
of the apartment. All, however, complained of the heat, 
especially during the earlier hours of the storm. 
After the storm I found a live grouper, weighing perhaps 
60 ppeens, in a puddle three blocks back from the ocean. 
I also saw several fish, grouper, half buried 
in the sand that covered the Ocean Drive. I counted 
the following day above 300 dead fish on the beach in 
a distance of a quarter of a mile. Nearly all were 
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bottom gr sailor’s choice, grunts, 
progies, sheepshead, toadfish, etc. Of the surface swim- 
mers I saw perhaps a dozen mullet, but the halfbeaks (or 
ballyhoo), the needlefish, etc., were entirely absent. 

The great majority of these fish had evidently washed 
ashore after the main storm had passed, as they lay down 
at the edge of the water where a small surf had left them. 
The heavy seas I saw breaking during the storm center 
had gone far higher. 


METEOROLOGICAL ‘OBSERVATIONS AT NEGRITOS, PERU, DECEMBER, 1924, TO MAY, 1925 


By E. Wittarp Berry 
{Dated Negritos, Peru, June 15, 1926] 


The desert of northwestern Peru, better known 
locally as the Desert. de Tumbez, is the center of the oil 
fields of Peru. In this northwestern region are located 
the fields of the International Petroleum Co. (Ltd.) of 
Canada, the Lobitas Co., and the Zorritos Co. Very 
ee has been written of its climate, and of late years, its 

oods. 

The Northwestern Desert of Peru is an area extending 
from Rio Tumbez on the north to Rio Chira on the south, 
in all about 140 miles long, and from the sea on the west 
to about the crest of the coastal mountain ranges on the 
east, roughly 50 miles wide. This desert under norma: 


conditions is one of the driest in the world. There is, 
during normal years no measurable rainfall. Along the 
coast a little mist collects on roofs and drips off, but this is 
all. Yet rains actually do occur here. The proximate 
reason for their occurrence seems to be the weakening or 
shifting of the Humboldt or Peruvian Current. The 
west coast of South America is washed by this cold 
current and by more or less upwelling of deep water along 
the coast due to the earth’s rotation. The Humboldt 
Current runs northward at such a rate as to be appreci- 
able in coastwise shippi It flows along the coast as 
far north as the region of Cabo Blanco, where it is met by 
the warm Ecuadorian Current and turned westward to 
form the Pacific South Equatorial Current. The first 


of these, being cold, maintains a relatively low tempera- 
ture in the air over it, so that when this air blows toward 
the land our temperatures are several degrees lower than 
they would otherwise be. The capacity of this air for 
water vapor is not high. Hence, even though the water 
vapor in it may be nearly or quite at the saturation point 
when the winds arrive over the hot land, they are soon 
raised to a temperature far above that of saturation, so 
they absorb quickly any moisture available on the land, 
causing desert conditions. 

Now when, for any reason, the northward flow of this 
cold Humboldt Current is interrupted or pushed further 
from the coast the warm Ecuadorian Current usurps its 

ath and invades the coastal waters from the north. 

his usurping current is called El Nifio, the Little One. 
It raises our land temperatures and also allows the winds 
to carry more moisture. When the winds thus enriched 
strike the land they are chilled, especially by the sudden 
radiation from the land after sunset, and the saturation 
point being lowered, rain occurs. This is what appears 
to have happened in 1925 and 1926.' There are references 
to other floods in 1856 and later in 1891. 

Speed of El Niftio.—On March 6, 1926, when the sea. 
temperature at 12 o’clock was 90°, I noticed at about 
noon several large masses of drift in the sea. Such 
masses are uncommon, hence very noticeable. The night 
before had been rainy and the bridge at Quebrado 
Parinias, which is at least 15 miles to the north, had 
washed away. Of the 15 miles, 6 are in the quebrado 
and the other 8 are in open sea. The bridge went some- 
time during the night of March 5 and the drift beached 
about 1 p.m. on March 6. It had taken not more than 
15 hours to make the 15 miles. A mass of drift that I 
timed made 4,000 feet in 50 minutes, or about 4,800 feet 
an hour. — I believe this estimate to be nearly correct, as 
the material would travel faster in the quebrada than in 
the open sea. This is only one example of the way the 
currents went south this year. I have also picked up 
mangrove seeds on the beach. As far as I can ascertain 
there are none growing to the south and the nearest to 


1 It seems not likely that chilling of the warm, wet wind by contact with a radiation- 
cooled land surface could be more than a very minor cause of the precipitation describec. 
The only air to be largely affected by such cooling is the thin surface stratum through 
which the very slow process of conduction could work, the stratum being only a very few 
feet thick even under the most favorable conditions of great calm. Turbulent mixing 
of this thin skin of cooled air with air not so cooled, above, would promptly reduce the 
effectiveness of the cooled air as a rainmaker. One must look for action on a far grander 
scale than this as the cause of the downpour described by the author. 

Only violent convection can cause violent rain. ‘There must have been present in the 
situations discussed at least two causes of violent convection: (1) The forced rising of warm 
and heavily moisture-laden air against the highland barrier; (2) the recognized tendency 
at sea, especially in warm latitudes, to the occurrence of nocturnal showers even in the 
absence of an obstructing land. These showers are the result of strong convection 
induced by nocturnal cooling aloft so greatly in excess of the restrained cooling st the 
sea surface that the resulting superadiatic lapse rate causes convectional overturning. 
Now, nocturnal showers over this coastal land were one of the characteristics of the 
rains described later in the present paper. The moisture for them may well have been 
brought inland from the sea, either as showers already in process (in which case they 
would be strongly augmented by forced rising against the highland) or as a vast supply 
not yet released by convection over the sea, but only awaiting the very effective t 
action of the forced rising to let loose the fierce cloudbursts ibed.—B. M. V, 
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the north are at Puerto Pizarro at the mouth of the 
Tumbez River. 

I have found a few drift seeds similar to those called 
snuff or box beans and valued as charms by the women 
of the Shetland Islands, north of England. How far 
these may have come I have no means of telling, as I do 
not know the extent of their habitat, but I am sure they 
came from the north and not the south. 

The coastal region.—This coast when seen from a 
steamer is sand, backed by steep hills cut by deep narrow 
valleys, all ending in a series of flat plains or tablazos, 
which are really Pleistocene wave-cut terraces. The 
entire landscape normally is a dull, lifeless, sandy brown. 
Here and there in the bottoms of the quebradas are green 
bits, where grow a few algarroba trees (Prosopis) and 
some grass and vines. The tablazos are barren, covered 
with sun-split pebbles. Few if any of the valleys or 
quebradas reach the sea. Sand dunes close them off and 
any water they have is lost in the sand. 

Along the coast the cliffs rise suddenly from sand-cov- 
ered flats. In the southern part of the region these flats 
form great salt fields or salinas, absolutely barren and 
usually show white with salt left by the evaporated sea 
water. However, from Point Parifias northward there 
is an ever-increasing cliff dissected by narrow, deep valleys 
or quebradas. On top of the tablazos these valleys can not 
be seen until one has almost reached their edge. Then 
they remind one of the Grand Canyon of the Colorado on 
a small scale, or some of the Bad Lands of Montana. The 
land plant life near the shore on these tablazos is nil under 
normal conditions. Further inland there are a few 
stunted trees, and in the northern part of the desert one 
finds cacti. 

On the eastern edge of the desert near the mountains 
more vegetation is found. Orchids, cacti, and air plants, 
which look like misplaced arin <a tops, flourish, and 
there are several varieties of small trees growing in the 
foothills. One, a sort of poisonous sumac, is quite com- 
mon in the northern part of the desert. 

When the rains come the quebrados flow water. There 
are often floods where sand dunes left by the winds dam 
up the water until it gains sufficient force and the sand is 
broken through. Where this occurs everything is washed 
away—roads, bridges, wells, and houses are either com- 
wre 4 demolished or badly damaged. The waters sub- 
side, leaving a muddy waste which after a few weeks of 
sunshine and growth blossoms into anew beauty. Every- 
where plants spring up, not new or uncommon species, but 
millions more of the same kinds whose seeds have been 
accumulating since the last rains. Even the desolate and 
wind-swept tablazo turns green. Grasses grow 2 and 3 
feet high. A sort of wild alfalfa, reeds, and many ae 
predominate. The tablazo, once a barren plain, is clothed 
mm verdure. Cattle are imported and wax fat on this 
luscious new diet. The burros, in the past hardly more 
than skin and bone, fatten until they almost overreach 
the limits of their crude crossed-stick pack saddles. Even 
the goats look as if their skins were too small. In the 
quebrado bottoms after the flood large crops are planted; 
cotton and table vegetables do well; areas near the streams 
are irrigated. On old dead trees, wild gourds and a wild 
prickly cucumber grow rank. 
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But let six months pass. The grasses are brown, dry, 
and sere. The cattle are killed and eaten, or driven. to, 
better pastures in the mountains. The burros are again, 
thin and gaunt. The goats are climbing at. the trees for, 
bark: The irrigated crops have been harvested. The 
wild vines are dry and rustle as the breeze plays through. 
their dead stems. Pools linger in the bottoms until the 
water, becoming more and more brackish, is finally so. 
salt that a crust forms over it, and it, too, soon dries up. 

The few people living here who are not under the 
control of the oil companies live either in small houses 
built of odd-shaped, gnarled bits of: wood ps between 
uprights or in reinforced mud huts. Needless to say, 
they are not weatherproof. The roofs are built for shade 
rather than to turn water. Near the watercourses cane 
is grown and used for building. 

ese native houses were glutted by the rains. At 
Sullana, on the Chira River, the native market, built of 
adobe, had one side dissolved out and is still bei re- 
paired. In Amotape, a small town near the river, there 
were whole streets where the adobe houses had dissolved 
and the roofs caved in, presenting a spectacle of sad 
desolation. The small settlements in the river bottoms 
were literally destroyed. Pools forming in every slight 
depression became the breeding place of hordes of mos- 
quitoes, and malaria became common. Natives died 
rapidly, weakened by exposure and discouraged by the 
destruction of their houses, gardens, and livestock. 
Food became scarce, gardens were washed out, and trans- 
portation was almost at a standstill. Normally, burros 
pack foodstuffs and the companies have rail and autc 
roads. All the roads became practically impassable, 
Burros could not go in 3 feet of mud; neither could autos. 
Railroads were not only undermined but covered with 
mud. Drinking water was polluted by cemeteries wash- 
ing into the sources. Much property found its way to 
the sea. 

Rains of 1925-26.—Negritos, where the following 
observations were madé, is located about a mile northeast 
of Point Parifias, the westernmost point of South America. 
As explained, the region is normally desert. Last year 
(1925), however, there were heavy rains which did con- 
siderable damage, a repetition of the rains of 1891. No 
record was kept here of rainfall and allied meteorological 
conditions except a record of land and sea temperatures 
taken at noonday by Mr. Frank Kroéger, of the Geologi- 
cal Department of the International Petroleum ; 
This was published by Robert.Cushman Murphy in the 
Geographical Review of January, 1926.' These records now © 
cover a seg of about three years. 

In order to learn more, I augmented our observations 
with humidity and barometric readings. I also had a 
rain gauge made and ley in a good position. Table 1 
will give some insight into meteorological conditions 
here rom about the middle of December, 1925, to May 
31, 1926. 


1 See also by the same author: ‘“‘ Recent oceanic phenomena along the coast of South 
America.” Mo. Wea. REV. 53: 116-17—Ep. 

2 For convenience the daily readings have been combined in monthly ave , and 
these averages appear in Table 1. At the bottom of that table the differences between 
air and ocean temperatures are given. The monthly averages are based on from 24 ‘to 
27 erveras per month. The greatest period of missing observations did not exceed 

ys.—Eb. 
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-Tasue 1.—Summary of meteorological observations made at Negritos, 
«Peru, December 18, 1925—May 31,1926... | 
[Pressure and temperature at'ndon: humidity at 11 a. on measured in a 
home-made gage and:given in and hund Berry, observer. 
___ As a rule,observations were on 20 to 25 days in each month! 
Decom | January) February; March | April. | May, 
PRESSURE (INCHES AND HUNDREDTHS) 
29.48| 29.49 47| 29.48| 29,48 29, 50 
Maximum, jam 20.65 29. 53) 29.55 20. 56 29. 57 
‘Minimum 29.40] 20,35) 29.40] 20.38) 29,38 20, 45 
AIR TEMPERATURE ; 
82.9 87.1 87.8 89.7 84.4 
88.0), 74.0). 840 86.0 79.0 
_| WATER TEMPERATURE (SURFACE OF OOBAN) 
Minimum 75.0 74.0 72.0 67.0 
RELATIVE HUMIDITY (PER CENT) 
68, 60. 71 59 61 
PRECIPITATION ‘INCHES AND HUNDREDTHS) 
TEMPERATURE DIFFERENCE, AIR MINUS 
WATER 
Minimum $9.0: +100 14.0) +412 


Barometric pressure —These readings were taken on 
a compensated surveying aneroid made by the Topley 
Company, Ottawa, Canada. On testing this barometer 
by meats of the boiling point of water I find that it is 
_0.38 inch higher than the pressure at which water would 
‘boil at a given temperature. However, for most uses I 
‘believe it to be as nearly correct as any. All the readings 
were made at 12 o’clock noon, the barometer being fixed 
‘in the shade on my house wall. The elevation above 
mean sea level is about 50 feet. | ‘ 
[The following comments are a condensed summary of 
“Mr. Berry’s remarks upon Table 1.— Hditor.] 
The barometer readings are not corrected for elevation 
or difference of barometer reading and boiling point of 
water. 
Humidity —The readings were made beside the Géo- 
‘logical ces of the International Petroleum Co. at 
Negritos. I took them on wet and dry bulb thermom- 
eters which were m both draft and shade. They were 
“made at Tl a. m., and ‘the daily values were taken from 
Air temperature —Observations of air temperature 
were made at 12 o’clock noon, beside the wet bulb ther- 
-‘mometer at the geological office. Mr. Kroeger began re- 
“cording these readings about 3 years ago. 1 am indebted 
‘to him for both the air and water témperatures. The lat- 
‘ter were taken off the end of the small steel mole extending 
about 50 feet beyond ‘the mean tide mark. A hea 
‘crock is heaved over and‘ allowed ‘to chill and fill wit 
water. It is then — up and the temperature of the 
water read on a chemical thermometer. 
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Water temperatures —The table: shows a rise from 
December through March and a decided drop in April 
and a’ still lower temperature in May. However, during 
ioe the relation of land and sea temperature is not at 

like their relation during the first two months of the 
ear. For some'reason the land temperatures were much 

‘higher than the sea temperatures; that is, they did not 
decline together. 

Rain.—Last year during the ‘‘floods,”’ so called here- 
abouts, no good’ record of rainfall was taken. Mr. 
Blogett, a driller; living at La Brea, about 12 miles to 
the east, told me that an empty metal barrel had 37 inches 
of water in it after the rains. How much evaporated no 
one can a 

I am told by several people that a locomotive, mired 
5 or 6 miles south of here, had a common galvanized pail 
about 10 inches deep, 9 inches in diameter at the bottom, 
and 12 inches in diameter at the top, placed upright in 
the stack. The next day the pail was found overflowing 
with rain water. 

This year the rains were not so heavy judging from the 
damage done to roads, houses, and the like. Starting on 
the night of January 18 and raining now and then until 
the night of May 24 a total of 10.446 inches of rain fell. 
The greater part of this fell in March. 

March had the highest humidity, the highest sea 
‘temperature, and the most rain. 

The following observations extend over this period of 
rains. 

The rains seem to have been of a very local character. 

_ On February 6 I drove to Catalinas, in Quebrado Mancora, 
about 35 miles to the north. Leaving there about 12:30 
p. m. I started back to Negritos and had gone only a little 
way, about a mile, when I ran into a shower. We were 
apparently running with the storm, but after several miles 
we changed our direction. The road ran over steep hills 
and they were wet and slippery, 80 our progress was 
necessarily slow. In spite of this in 5 miles we were 
ahead of the shower and in open sunlight. 

Heavy showers were often to be seen further inland in 
the Amotape Mountains. These showers seldom come 
far from the foothills. During Easter (April 1-4) I was 
camping in the foothills of the mountains. On April 2 
at 7 o’clock it was a sapphire night. In about 10 minutes 
4 fog was about us and shortly afterwards it began to 
‘rain extremely hard and continued to do so for an hour. 
To the best of my knowledge it rained over an inch during 
this shower. A straight-sided cook pot was left in the 
je contained an inch of water the next morning, so, 

owing for evaporation, which is rapid, fully an inch 
must have fallen. I inquired next day at a place a mile 
distant and was told no rain had fallen there. 

_ On the night following I came out to the coast and 
camped on Point Arena about 4 miles north of Negritos. 
That night also started out clear, so clear in fact that ! 
did not put up a tent. However, at 12:30 a. m. we were 
awakened by a downpour which lasted about 25 minutes 
the rest of the night poverraptad by showers of a second 
or two. On returning to Negritos the next afternoon 
(Anat 4) I was told there was one very slight shower 

uring the night. For the days of April 1, 2, and 3 my 
rain gage registered a total of only 0.15 inch of rain. 

This indicates how local the rainfall was. 
~ One night in Negritos it rained about a half an inch in 
about five minutes. The same night a culverted railroad 
embankment about 3 miles inland was completely weshed 
out and much other damage was done. 

Some of the rains were accompanied by lightning, but 
so far as I know no damage was done by that agency. 
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. Quite often before rains I noticed clouds over the sea. 
These clouds were not the fairly common cloud banks 
which one can observe off many coasts. They were low 
lying, though not touching the horizon—flat bottomed 
and almost stationary, very like the common flat- 
bottomed clouds of the trade-wind areas. 

Prevailing winds here are from the south. A north 
wind was frequently the forerunner of rain, although this 
was not always the case. 

When I arrived here last November small briny pools 
were still to be found inland. This year there are some, 
but I very much doubt whether they will be left five 
months from now. 

Parinas, a dry stream under normal conditions, has been 
flowing now since the rains in 1925. Mr. Oscar Haught 
tells me, however, that it does not seem to be flowing as 
much water as it did this time last year. 

Last year the country hereabouts blossomed forth with 
large numbers of plants. In December, 1925, the desert 
was bare and brown, but after the rains started grass 
and many legumes came up and grew both fast and rank. 
One of the legumes has a yellow flower and a long seed 
pod with almost cylindrical seeds. It often grows so high 
that you can not see over it from the seat of a Ford car. 

These same rains also made pools on the Tablazo which 
attracted many wild ducks, affording our hunters much 
sport. The pools also bred mosquitoes, which are absent 
here under normal circumstances. 


Discussion —The almost complete absence of meteoro- 
logical observations from Peru, save only from Lima, 
makes it difficult to visualize the meteorological changes 
that were associated with the extraordinary rains of 
February—April, 1925. The southward extension of the 
El! Nifio current in that year, seems to have taken place 
as early as the middle of January or a few days later. 
In 1926 the water temperatures as measured at the end 
of the steel pier at Negritos, Peru, first reached a height 


of 80° on January 27; the temperature then sank slightly 


below that figure and remained below about two weeks, 
again reaching 80° on February 11 and continuing close 
to that figure until the end of the month. 

March opened with ocean water temperature at 82° 
and fell to 79° on but a single day until the 20th. A 
water temperature on the 21st is missing but on the 22d 
a temperature of 74° was registered—a drop of 9° from 
the 20th; on the 23d it had returned to 79° and continued 
about that figure until the end of the month. 

On April 9 it registered 83° for a single day and then 
sank to 78° on the 10th. 

These figures seem to indicate that the retreat of the 
warmer water proceeds irregularly and that fragmentary 
incursions of warm water may be experiénced some days 
after the cessation of the warm current. 

The meteorological statistics with the exception of the 
land and sea temperatures throw no light upon the cause 
of the extraordinary rains over the normally desert areas 
of northwestern coastal Peru. 

The outstanding features of these statistics are the 
high ocean temperatures of March and the heavy rains 
of that month and the cessation of the rains so soon as 
the ocean temperature fell to approximately normal 
values in April and May. The high ocean temperature 
would increase the air temperature locally both by con- 
duction and convection, and the contact of these local 
masses of warm air with the adjacent Peruvian highlands 
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would doubtless cause the rains.as observed. The drift 
of overlying ocean air landward must occur with some 
regularity, especially during the night hours, and there 
must have been a countercurrent seaward during the 
daytime hours; wherefore it is inferred that the disturbed 
air conditions were local rather than general and due to 
the unusual extension of El Nifio current to the south- 
ward.—A. J. H. 


In connection with Mr. Berry’s paper and the above 
discussion, the following reprint from the Bulletin of the 
National Research Council, Volume II, part 2, No. 56, 
November, 1926, is of interest: 


INVESTIGATIONS OF THE AMERICAN MUSEUM OF NATURAL 
HISTORY IN THE HUMBOLDT CURRENT REGION 


From December, 1924, until March, 1925, the writer 
accompanied by Mr. Van Campen Heilner, conducted 
marine zoological investigations for the American Muse- 
um on the coasts of Peru and Ecuador. A report on the 
oceanographic — has since been published (Oceanic 
and Climatic Phenomena along the West Coast of South 
American during 1925, G.ographical Review, vol. 16, 
pp. 26-54, 1926). This paper is supplemented, more- 
over, by another of more popular nature (Equatorial 
Vignettes, Natural History, vol. 25, pp. 431-449, 1925). 

he problem on the arid west coast of South America 
is er, complex. In their incipience, the factors which 
produce the periodical changes are doubtless purely 
meteorological, while the end stages, because of the 
peculiar topography of the western watershed of the 
Andes, involve profound geographic effects. The inter- 
vening phenomena in the grand sequence are, however. 
distinctly oceanographic. The notably stable physic 
characteristics of the littoral ocean of this coast, and the 
consequently undue disturbances which occur during the 
rare cycles in which such characteristics are altered, are 
alike unequaled elsewhere. In no other part of the world 
does a simple reversal in direction of the coastwise oceanic 
circulation lead to such spectacular climatic, biological, 
and economic results. 

The writer worked entirely from launches and other 
small craft, and his equipment was limited to surface 
apparatus. His data, therefore, do not lead to an 
understanding of the extent in breadth or depth of the 
warm countercurrent which for many weeks during the 
winter and spring of 1925 replaced the Humboldt Current, 
at least at the surface, bringing about the cessation of 
cool upwelling and preparin e way for perhaps. un- 
precedented rainfall along the desert coast. Even as 
regards a surface temperatures, all the tables thus 
far obtained from the pertinent section of the Pacific, 
record conditions only along coastwise tracks, within a 
few miles of shore. The data urgently needed are rou- 
tine observations made at right angles to the trend of 
the coast, and extending for a thousand miles or more 
along any —_ between the equator and latitude 
30° S. Such data, especially if accompanied by sub- 
surface records, might reveal whether the counter-current 
known as El Nifio was in the nature of a restricted coastal 
tongue or whether the phenomenon represented a surface 
movement of colossal extent in the wake of retreating 
high-pressure areas, A search for es which ma 
throw light upon this question is now being made, wit 
the aid of Doctor Littlehales, of the U. S. Hydrographic 
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Office, and ‘of! ‘several cooperating friends in South 


America, 
The precipitation dn the coast of Peru during 1925 has 
been recorded as’ certainly the heaviest since 1891; but 
‘there are. reasons for believing that the conditions have 
not been paralleled during the course of at least six 
_centuries:| Prior to:March,; 1925; for example, the mud 


walls: of the prehistoric fortress of Chan Chan, near 
Trujillo, still, bore clearly.the ancient reliefs and hiero- 


glyphics of, their builders, but: the rainfall of a few sub- 
_sequent. weeks entirely obliterated them. The destruc- 
tion of life in the sea, through a process which the writer 
has elsewhere described, was also unprecedented within 
human ‘memory..,: Under date of January 30, 1926; Mr. 
Francisco’ Ballén,., director» of. the Peruvian National 
Guano Administration, writes that probably two-thirds 
-of the sea-bird population of the Peruvian coast, as 


(129 afd to a 
BLISS, ON. BRITISH WINTERS IN. RELATION TO 
WORLD WEATHER 

_. The author in continuance of his previous work on 
correlation of world weather correlates the mean winter 
temperatures of Greenwich with elements of the weather 


‘in various parts of the world. © 


‘The correlation coefficients with pressure, temperature, 
and rainfall in various quarters of the earth are shown in 
‘the exhibit below. 
Number of coefficients 0.4 or greater 


Contem- | Succeed- 

porary 
quarter 


Preced- 


8 
ry 


Ten of. these coefficients, are with the two 
eleven with. the one quatige an 
four with the two subsequent quarters. e large coeffi- 
cients are therefore mainly with previous and contem- 
porary quarters. The author concludes as follows: 


_ Out of 310 correlation coefficients with Greenwich temperature 
of December to February as, representing winter in Northwest 
_ Europe the largest appear to indicate the following relationships— 
(1) With pressure of the previous surimer at Cairo. 

(2) With temperature of the previous’ June to August at Madras, 


and Perth. nom 7 
3 ) With the previous Nile flood, the relationship here being 
inverse. 


The results indicate that conditions in the Southern Hemisphere 
: play a part comparable with that of the North Atlantic oscillation 
subsequent winter weather in the British Isles,— 
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"This “is ‘the’ fitst, published report, ‘the Japanese 
This fits closely for the stratum 1 to 3 km. but to reduce 


- Aerological Observatory at Tateno, where there is main- 
“tained a most ‘complete meteorological equipment, in- 
“cluding facilities for making aerological observations by 
‘means of B veod balloons, kites, sounding balloons, and 
captive balloons. This report contains data procured by 
double-theodolite pilot balloon observations only. The 
records cover two years (March, 1923—February, 1925) 
and total 1,030 observations. The balloons used weighed 


! Abstract of “ Roporto de la Aerol 


a Observatorio de Tateno. Nol. By W. Oishi. 
(The report was translated by Mr. W. W. Reed from the original Esperanto.) 
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oceanic régime are now being received regularly. 
-are deposited. in the files of the American Geographica! 


bo NOTES. AND 


computed from the formula used b 


Signal Co 


79 
existing in perished during the following 


months of unfavorable oceanic conditions. 
Fortunately the serious economic effects of the counter- 


-eurrent, and.its: sequelae have simplified the study of 


meteorological and problems by encourag- 
ing the recording of precise data... ‘Through the interest 
of the American ambassador in Lima, of Maj. Otto 
Holstein, of Trujillo; and of, other friends and correspond- 
ents in the service’ numerous’ Peruvian industrial 


organizations, tabulated records of the climatic and 
These 


Society of New York, and their subsequent interpretation 


can not fail to go far toward illuminating our faint under- 


standing of one of the most remarkable geographic 


phenomena of our time.—Robert CO. Murphy. 


ABSTRACTS | 


from.10..to 120 grams andi thé: rates:.of- ascent» varied 


between 100 and 350 meters per minute. 
_ There.are included in the report'a very complete history 
and description of the station, equipment, etc. Tables 


showing the wind velocity and direction at the various 


altitudes for successive minutes are given for each pilot 
balloon observation. Graphs are included, showing the: 

Mean wind velocity: (0-10: km.) for each season and 
for the year. 

Mean annual wind velocity (0-2 km.) for 6 a. m., 10 
a. m., and 2 P. m. 

Mean wind direction (0—10 km.) for each season. 

Mean wind direction (0-2 km.) for 6.a.m., 10 a. m., and 


m. foreach season. 


equency of wind directions (0-10 km.) for each 

‘season. id 

Frequency of wind directions (0-2 km.) for 6 a. m., 
10 a. m.,;and 2 p. m. for each season. 
. The report: closes with a discussion of the agreement 
between the observed ascensional rates of pilot balloons 
and those determined by formula. A change in the 
formula was made in order to obtain a closer agreement 
with the average observed rates. Closer agreement was 
found to obtain between the observed rates and those 
the U; S. Weather 
Bureau than those indicated by the Dines’s formula. — 

Among the conclusions cited are the following: 
The observed: rates. were’ found to be generall 
greater, than those computed from formula. (U. Rf 
and. Dines). 

2. For the rate of 100 m/m the values almost coincide 
but ‘the actual: rate becomes 20% greater for rates of 


200 m/m.) 


The following new formula was devised to obtain 
closer agreement with the observed data. 


the values computed from the’ above formula to the 
mean observed values from “1 to 10°km. they must be 


multiplied by the factor a =0.934, 


4. The rate of ascent is greatest at 2 p. m. and least at 
6a.m. It is greater in winter than in summer. 

5. The rate is greatest near the ground and decreases 
more and more upward but at 8 km. it increases again. 
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6. The increase near the ground is due to convection, 
turbulence, and somewhat to to aphical influence. 

It is extremely atest 0 ow that such an excel- 
lently equipped station is being maintained, and future 
reports on the results of the various other branches of the 


work will be awaited with the greatest interest.—L. T. 8. 


THE ROYAL METEOROLOGICAL SOCIETY'S RAINFALL 


ATLAS OF THE BR‘TISH ISLES”’ 


The extent to which amateurs with an interest in the 
weather can supplement, or, indeed, make possible, a 
scientific work of _— importance, is illustrated by this 
atlas. The British Rainfall Organization is composed 
of such amateurs. In the course of its long history it 
has enlisted the cooperation of some 10,000: voluntary 
observers. Its records placed at the disposal of the com- 
mittee of the Royal Meteorological Society directing the 
preparation of the atlas the accumulated data from some 
3,000 stations. This is an average of about one station 
to every 40 square miles, in an area three quarters the 
size of California. 


a maps are beautifully printed in colors, and are as 
ws: 

1. A generalized topographic map showing principal 
towns, the county boundaries, and chief rivers. 

2. Average annual rainfall (35-year period, 1881-1915). 

3. Rainfall of the wettest year (1872). 

4. Rainfall of the driest year (1887). 

5. Annual rainfall as tage of the average of 
1881-1915, for each year from 1868 to 1923, inclusive. 

6. Twelve monthly rainfall maps. 

Dr. Hugh Robert Mill contributes a very full intro- 
duction, describing the history of the British Rainfall 


Organization, briefly summarizing the facts shown by 


~—— of rainfall distribution, and presenting several 
tables. 

Of the tables, that showing “Areas of the different 
rainfall zones over the British Isles’”’ is of particular 
interest, the zones being the areas between limiting iso- 
hyets. In variation of rainfall from region to region, 

e British Isles rival our west coast States. Fifty-three 

uare miles, mostly along the northern shore of the 
Thames estuary, have annually less than 20 inches, 
while 22 square miles of mountain country in northern 
Wales, northern Dngland, and western Scotland average 
over 150 inches annually. ‘Slightly more than 1,000 

uare miles have over 100 inches, and roughly one-fourth 
of the total area of the British Isles have 30 inches or less. 

A table of percentage variations of annual rainfall, 
1868-19238, brings out fact that in 73 per cent of the 

ears the generalized average rainfall for the British Isles 
departed only 10 per cent or less from the normal, 
ess. ! 

To discuss at length the information embodied in this 
splendid work is quite beyond the scope of the present 
notice. The atlas is surely a fitting monument to the 
labors of Symons who organized and for many years 
directed the British Rainfall Organization, and to the 
zeal with which his successors, Wallis, Mill, and Salter 
have carried the work forward —B. M.V. 
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THE RAINPALL OF FLORIDA 


; By Grace Ricnarps 
Worcester, Mass, partial of the for the dagres 
of doctor of philosophy. ihe dull text, with Charts, ‘may bo consulted In the 
of Clark University| ‘ ‘ 
In presenting graphically the rainfall of Florida ‘the 
standard ations, such as those used by Kincer forthe 
United States, have been used. The data available for 
the 30-year period 1895-1924 are from 88 stations within 
the State, with records of 5 years or over, those covering 
less than the entire 30 years being adjusted to that 


While the range of mean annual rainfall for 30-year 
stations is from 57.88 inches at Pensacola to 37.19 inches 
at Key West, adjusted stations indicate values as ex- 
treme as 70.2 inches at Molino (16 ang and 32.1 inches 
at Sand Key (12 years). Except for the interior of the 
peninsula and the region of the keys, the mean annual 
rainfall is over 50 inches. 

The mean of Florida as a unit, weighted by area’ from 
the chart of mean annual rainfall, is 53 inches, with 
89.5% of its area receiving between 45 and 60 inches. 

During the 30-year period all parts of the State, ex- 
cept the keys, have received over 60 inches in some years, 
while over 90 inches has been recorded at stations in 
west Florida and on the southeastern and western coasts 
of the peninsula. Minimum records also tend to be legs 
on the coast than in the interior, varying, in general, 
from 30 to 40 inches. 

For all of Florida more than half of the annual rainfall 
is in the half year April-September, varying from a 
nearly equal division in west Florida to over 70% in the 
southwestern part of the peninsula. 

For the State as a whole, 19% of the mean annual 
rainfall occurs in spring, 40% in summer, 24% in autumn, 
and 17% in winter, but the actual distribution varies 
greatly with location. The southwestern coast of: the 
peninsula receives nearly half of its precipitation in sum- 
mer, while the southeast coast has heavier rainfall in 
autumn than summer, with over 35% of the annual 
amount. Extreme seasonal values vary from 48.33 
inches, for New Smyrna, in an autumn (1924), to 0.17 
inch, for a winter season (1906-1907), at Orlando. 

All stations in Florida have a mean rainfall of not less 
than 6 inches in some months, the maximum varying 
from July in west Florida to October at points on the 
east coast. November is generally the month with least 
mean rainfall. All stations record less than 3.5 inches, 
as a mean, for some months, many between 1.5 and 2 
inches. 

New Smyrna has recorded the highest absolute maxi- 
mum monthly rainfall with 39.08 inches, while Pensacola 
has a high record of but 18.58 inches, and Key West of 
but 16.99 inches. Practically all of Florida has experi- 
enced a rainless month at some time during the period, 
though the lowest record for Brooksville is 0.10 inch. 

Mean monthly rainfall data have been used for showi 
rainfall types, For this purpose, Ward, showing ,act 
means, rather than Kincer, with monthly proportions of 
annual rainfall, has been followed, thus giving an idea of 
actual amounts, as well as proportions, in a single. graph. 
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J. B. K. L—Departure of Mean Temperature from the Normal for the Winter (December-February) of 1926-27 
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J.B. K. IL—Percentage of Normal Precipitation for the Winter (December-February) of 1926-2'7 
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The type for the entire State shows a July maximum 
and a November minimum, with a secondary minimum 
for March-April. For the east coast there is a distinct 
type, with a ar in September or October 
and a secondary maximum in June or July. Back from 
this coast the early summer maximum exceeds the later 
one, which disappears entirely farther inland. 
_ In classifying the distribution of rainfall by causes, the 
daily weather maps for the’ 15-year period, 1910~1924, 
were studied and any precipitation for each of ‘the six 
stations, Pensacola, Tallahassee, Jacksonville, Eustis, 
Tampa, and Miami, was segregated under one of the four 
headings; (1) Local convection, (2) cyclonic (extratrop- 
cal) storms, (3) tropical disturbances, and (4) hurricanes. 
These data were tabulated for each station, showing 
both actual values of mean monthly and seasonal pre- 
cipitation and their percentage of mean annual rainfall. 
An unweighted arithmetic mean for the six stations was 
used to give some idea of distribution by causes for the 
State as a whole. © | 

The proportions found were: Local convection about 
33%, cyclonic storms 40%, tropical disturbances 20%, 
and hurricanes 6%. clonic storms account for over 
half of the mean rainfall in west Florida, but decrease in 
importance to the east and south, so that at Miami they 
account for but 25%, with corresponding increases from 
the other causes. | 
_ Half the spring rainfall in southern Florida is due to 
a storms, while over 75% is thus rated in west 

orida. In summer local convection causes about 60% 
of the rainfall throughout the State. Tropical disturb- 
ances, including hurricanes, bring half the autumn rain- 
fall for the State as a whole but are more important on 
theeast coast. Winterprecipitation is over 80% cyclonic, 
except for Miami, where the value is 60%. F 
monthly data, the period November+May may be’ con- 
sidered that of storms, June-August of local 
convection, and September-October of tropical disturb- 
ances. 

Marked variations above mean values, whether ann 
or seasonal, may generally be traced to a few tropic 
disturbances, more particularly those of hurricane 
intensity. Light rainfall, on the other hand, is explained 
by lack of such tropical disturbances in the warm season 


or by freedom from cyclonic storms in the remainder of 


the year. 

ANOTHER MILD WINTER+1926-27 ! 

By J. B. Kincer 

The United States has experienced, in recent: years, a 
remarkable series of mild winters. The winter of 1917-18 
was severe tically everywhere east of the Rocky 
Mountains, but following this, year after year, the 
winters have been moderate to unusually mild, as a rule, 
and that of 1926-27, pee closed, was one of the mildest 
of the long series. The only exception to continuous 
winter mildness since 1917—18 was the winter of 1919-20, 
which was cold in Central and Northern States east of 
the Mississippi River, but otherwise mostly mild. The 
outstanding cases of widespread mildness for the series 
were the winters of 1920-21, 1923-24, and 1926-27, in 
each of which practically every State in the Union had a 
warmer than normal winter. 


_ | Reprinted from Weekly Weather and Crop Bulletin, Mar. 15, 1927. Rat 
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~Chart'T ‘shows the departure of mean temperature 
from normal for the winter of 1926-27. It indicates that 
local areas in the Northeast and the upper Lake region, 
as well as a small district in the far Northwest, were 
slightly cooler than normal, but at all stations in these, 
except one, the temperature averaged only 1° subnormal. 
In all other sections of the country the winter was warmer 
than normal, and in large areas the plus departures 
ranged from 3° to as much as 6°. It was especially 
warm in the South, and as a result vegetation at the 
end of the winter season was much further advanced 
than usual. 


The broken lines on Chart I afford a comparison be- 
tween the southern limit of zero temperatures reported 
from first-order Weather Bureau stations during the 
past winter with previous records. While temperatures 
as low as zero have occ in comparatively recent 
years as far south as the east Gulf coast, during the 
winter of 1926-27 subzero readings were confined to 
| see the northern half of the country, the zero 
ine not extending farther south than Pennsylvania, 
Kentucky, and Missouri. In addition, the lowest 
temperatures for the winter in Northern States were 
generally well above the previous low record, being in 
most cases from 10° to 25° higher. There were no 
previous low records broken, but the maxima equaled or 
exceeded the previous high record at many stations, 
especially in the southern half of the country. In general, 
the winter should be classed as moderate in about half 
the country, probably moderately severe locally, and 
mild in the other half. ae 


Chart II shows the percentage of normal precipitation 
f oe three winter months. In most sections west of 
the ocky Mountains the period was wetter than usual, 
uthwest and on the western 
slope of the central Rocky Mountain area where some 
stations reported more than twice the normal amount 
for the season. It was also above normal in most of 
the Southwest and over a belt extending from the lower 
Missouri Valley northeastward to southern New York, 
while a rather restricted area in the North Central States 
had more than the usual amount. In the Northwest, 
over most of the Great Plains, and generally from the 
Ohio River and extreme lower Missouri Valley north- 
ward there was less than normal, with some stations 
reporting only about half the usual amount. Precipita- 
tion was also deficient in the immediate Gulf section and 
generally in the Southeast and the Atlantic Coast States. 

There was more than the normal amount of snowfall 
for the winter in many of the high elevations of the 
Western States and also along the northern border of 
the country from the western Lake region westward, 
while the amounts were above normal in most places in 
the northern Ohio Valley area, from the central Lake 
region eastward, and in Atlantic coast districts from 
Pennsylvania northward. In addition, local areas in 
Virginia and North Carolina and in northern Texas and 
Oklahoma had somewhat more than the usual amount. 
Elsewhere quite omer east of the Rocky Mountains 
there was less than normal snowfall, the deficiencies 
being Pera large in the Missouri and middle and 
upper Mississippi Valleys, the upper Ohio Valley, the 
South Central States, and middle Atlantic area. 
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SNOW COVER, COLD WANes AND ZERO TEMPERA- 


The snow cover in central Michigan has a big influence 
on temperature, and a study was made of cold waves 
and zero and subzero readings in connection with the 
depth of snow. The study covers 15 consecutive years, 
from 1912 to 1926, inclusive. 

One hundred and twelve cold waves occurred in the 
15 years as follows: 


Number 

Snow 
Month of cold Per cent 

waves | Cover 

Total 5 112 101 90 


However, cold waves in March and November bei 
more decided drops in temperature rather than real col 
waves, may be excluded; this gives’a percentage in favor 
of cold waves with a snow covering as 98%. 

Even more conclusively is the vital importance of a 
snow cover shown in a study of the days with zero or 
below. Zero was not reached when the ground was bare. 
The depth of snow during the winter months does not 
seem to be important as long as it is above 3 inches; any 
unusually cold winter month with a number of verylow 
readings was found to have a covering of snow, and 
the severity of the cold seemed to be increased by a 
depth of over 6 inches. Therefore in the following table 
it was so divided: 


BIBLIOGRAPHY 
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“to 6.| 6inehes 

‘inches’ | or over 

Zero to ~10? j i 82 
~10° or lower 13 6 
Total... see 4 - 114 68 


It was also found that cold winter months were not 
followed by a cold spring unless there was a snow cover. 
The earlier the snow melts over the northern counties of 
Michigan the sooner does. warm weather become es- 
METEOROLOGICAL SUMMARY FOR SOUTHERN SOUTH 

AMERICA, JANUARY, 1927 
By J. B. Navarette, Director 
[Observatorio del Salto, Santiago, Chile] 


January was characterized by a rather intense atmos- 
pheric circulation in the south and by stable weather in 
the central zone. ib 

Important anticyclonic centers developed between th 
lst and 4th, 7th and 11th, 17th to 19th, and 21st to 31st 
in the far south; these days had characteristically good 
weather in general, with strong southerly winds of 1,000 
to 1,500 meters per minute between the coasts of Chiloe 
and Arauco, and high temperature in the central zone. 
The maxima were from 33° C. to 35° C. in the shade. » 

Atmospheric depressions crossed the far south during 
the 5th and 6th, 12th to 14th, and 16th to 20th. The 
rains were limited in general to the region between 
Valdivia and, Chiloe, precipitation varying from 10 to 
30 mm., while it rained occasionally as far north as 
Concepcion.—Transl,.B. M. V. tot 


C. TaLman, Meteorologist.in Charge of Library 


RECENT ADDITIONS 
The following have been selected from among the 
titles of books recently received as representing those 
most likely to be useful to Weather Bureau officials in 
their meteorological work and studies: 


Angstrém, Anders. 
Praktisk meteorologi, en inledning till vaderleksférutsagel- 
sernas teori och praktik. Stockholm. [1926.] 144 p. 
illus. 18cm. (Natur och kultur 60.) 
Boerema, J. 

Typen van den regenval in Nederlandsch-Indié. (Rainfall 
types in the Netherlands Indies.) Java. n. d.. 103 p. 
figs. plates (fold.). 27% cm. (K. Mag. en met. observ. 
te Batavia. Verh. no. 18.) 

Boylan, R. K. 

Atmospheric dust and condensation nuclei. Dublin. 1926. 
p. 58-70. fig. 264cm. (Proc. Roy. Irish acad., v. 37, sec. 
A, no. 6.) 

Coliens, A. E. 

Leeward Islands. Hurricane warnings and amended hurricane 
code for official use in the colony of the Leeward Islands. 
Antigua. 1927. 7p. cm. 

Crane, Mannin, 

Fragments of tornadoes. P: 92-93. figs. 25cm. (Cunard 

mag., v. 18, no. 2, Jan., 1927.) - 
rh (Synoptische, Meteorologie.) 
etter /ettervorhersage. yno eteorologi 
2te., vollstiindig umgearb. Auflage.. Leipzig. 1926, vii, 
346 p. figs. 26cm. 
Dice, Marion E. ; 

Lightning hazards. A meteorological analysis of the relative 
lightning hazard at various locations in southern California. 
p. 27-31, 32 cm. (Oil bull., Los Angeles, v, 13, no. 
1, Jan., 1927. : 

Drouvth in California. 473-527. figs. plates. 23} cm. 
(Commonwealth, pt. 2, Dec. 28, 1926.) 


n Fran., v. 2, no. 52 
(Trans. of the Commonwealth Club of Cal., v. 21, no. 11.) 
Edwards, Ivo, & Tymms, F. 
Commercial air oe . . . With a foreword by Air Vice 
Marshal Sir Sefton Branck: 
illus. plate. 214 cm. 


. London. 1926. xv, 163 p. 


Fri R.-O. j ? Die 
peuple et la prévision du temps. Etude sur les dictons 
météorologiques. Bale. 1926. 75 ?. 244 cm. (Extr.: 
Archives suisses des trad. popul. ‘f. 26 (1926).) 
Grege, Wiillis] R. 
eteorological service for commercial aeronautics. p. 17-23. 
illus. 273 cm. (U.S: Air Service, v. 12, Febi, 1927.) > 
Grunsky, C.E. 
Contribution to the climatology of the ice age. San Francisco. 
1927. p. 53-85. figs. 26cm. (Proc. Cal. acad. sci., 4th 
--ger., v. 16, no. 2, Jan. 31, 1927.) 
Hill, Leonard Erskine, & Campbell, Argyll. tA rae 
Health and environment, London, 1925: | xij 208 p. illus. 
diagrs. plates. 22 cm. 
Millés, José Carlos. 
_ Acerca de las trayectorias medias de los huracanes de.las 
Antillas. 1 sheet. 56cm. (Bol. hidrog., Habana. no. 8, 
Marzo 10, 1926.) 
Sobre la genesis del huracan, I1sheet. 52cm. (Bol. hidrog. 
Habana. .no. 12, Mayo 25, 1926.) ictal 
Nolan, J. J., & Sachy, G. P. de. 
Atmospherie ionisation. Dublin. 1927. p. 71-94. figs. 27 
em. (Proc, Roy: Irish acad., v.37, see. A, no.7.)0 bie 
Nolan, J. J., & others. edi to 
uilibrium of ionisation in the atmosphere. Dublin. 1925, 
p. 274.cm. (Proce. Roy. Irish acad., v. 37, sec. 
, no. 1. 


Clim ate of Baltimore. p. 15, 25. figs. 3lem. (Baltimore, 
v. 20, no. 5; Feb., 1927.) i s16w 
Reese, Joe Hugh. 
great hurricane. Miami. 1926, 94  p., illus, 
cm. 
Attempt to detect a direct effect of the solar activity on the 
air temperature at some stations in the central part of Japan. 
21 p. plates. 263 cm. (Repr.: Mem. Imp. mar. obs., 
v. 3, no. 1.) 
Sener, H. H. 
Keeping sleet off trolley wires. p. 963-965. illus. 304 cm. 
(Elec. railway journ., N. Y., v. 59, no. 24, June 17, 1922.) 
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_ RECENT PAPERS BEARING ON METEOROLOGY _ 


The following titles have been selected from the con- 


tents of the i and serials recently received in 
the library of the Weather Bureau. The titles selected 
are of ota and other communications bearing on 
meteorology and cognate branches of science. . This is 
not a complete index of all the journals from which it 
has been compiled. It shows only the articles’ that 
appear to the compiler likely to be of particluar interest 
in connection with the fie of the Weather Bureau. . 


meteorological society. Bulletin. Worcester, Mass. 


character of Greenland climatic 
(Jan.) [Abstract.] 
- The meteorological results of the first 
nland ition of the University of Michigan. p. 
13-14. (Jan.) [Abstract. 
_ Henry, Alfred e Briickner cycle in the United States. 
p. 17-19. (Jan.) [Abstract.] 
Hobbs, William H. The first Greenland expedition of the 
University of Michigan. 11-13. (Jan.) [Abstract.] 
Alexander, William H. o weather and the sugar beet. 
~ p. 50. (March.) [Abstract. 
SY seh Dinsmore. A study of the possibility of economic 
values in statistical investigations of rainfall periodicities. 
p. 45-46. (March.) [Abstract.] 
Devens W. C. The thunderstorms at Cincinnati. p. 
. (March.) [Abstract.] 
Gregg, W. R. Meteorological service for commercial avia- 
tion—recent developments in the United States. p. 48-49. 


(March.) [Abstract. 
_ Humphreys, W. J. tornado. p. 46-48. 
ern snow removal ‘Sous country highways. p. 55-56, 


[Abstract.] 
(March.) 
The pampero at sea. . 52-53. (March.) (Transl. from 
Larisch-Moennich, und Brandung.’’) 
Reichelderfer, F. Anew wt of tables tor determining 


true wind from *PRtoe wind aboard a moving vessel. 


48. (March.) bstract.] 
Annalen der Hydrographie und maritimen Meteorologie. Berlin. 
54. Jahrgang. 1926. 


Burghardt, Gotthard. Die Wettersicherung beim Seeflug- 


be: 408-413. (November.) 
 Peppler, W. Der Einfluss von Wasserflachen auf die Cumu-. 
(November.) 


lusbildung. 399-401. 
nd die Nebelsignale verbesserungsbediirftig? 
: 407-408. (November.) 

Octamaare, Fritz. Der thermische Effekt der Zirkulation | 

_ tiber dem Kuro-Shio. p. 432-437. (Dezember.) 
Astronomie. Paris. 41 année. Mars 1927. : 
bo Les mouvements atmosphériques ascendants. 
ap Hans S. Le sifflement de l’aurore polaire. Note. 
concernant l’aurore du 15 octobre 1926, observée en Nor- . 
-vége. p. 128-129. 
Aviation. 


New York. v. 22, 1987. © } 
_ McAdie, Alexander. The fliers’ as aspects of _ phy. The 
Shenandoah and the squall. . p. 215-216. an, 3 
Ground signalin = ag imperial airways route. por (Feb. 7.) 
Night flying in bad p. 461-463. 
are 
ins zur Geo A ysik. Leipzig. 15 Band, 4 Heft. 1926. 
opfner. Grundlagen zu einer astro- 
nonise en Theorie der Klimaschwankungen. IV: Die 
Jahreszeitliche Einstrahlung in einem Ebenenbiindel 
zweiter Art. p. 354-375. 
Kalitin, N. N. Die Durchsich 


eit der Erdatmosphire 
nach Beobachtungen in Pawlo p. 376-400. 

Wassiliew, K. N. Zur Frage der theoretischen Bestimmung 
der vertikalen Strémungen in der freien Atmosphare. p. 
412-436. 

v. 


(Feb 
checking temperatures 


180. 
Kerr, H. Rait. Cloud photography for amateurs. p. 75-77. 


fo citrus 
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Engineering news-record. New York. v.98. 1987. 
Lorange, R. a cy snow on a mountain railway in Norway. 


p. 318-321. (Feb. 24.) 
_ Mysteries of the air. p. 347. (March 3.) [Editorial ex- 
pressing a imistic view of the progress of meteorology.| 
Iowa flood of cloudburst type damaged river structures, p. 

405-406. (March 10.) 
Académie des sciences. Comptes rendus. Paris. t, 184, 
Bureau, R., Viaut, A.. & Gret, A. Un enregistreur de la 
fréquence des atmost hériques; son utilisation en météorol- 


ogie. p. 157-158. (17 janv.) 
Jelstrup, Hans. Sur un phénoméne sonore aie pendant une 
; aurore polaire trés intense. p. 159-160. janv.) 
Devaux, Joseph. Sur l’existence et la de courants 


d’air verticaux aux environs du sommet du Pic du Midi; 
leur utilisation par les vautours. p. 295-297. (31 janv.) 
_ Besson, [Louis]. Observations. comparatives de la radiation 
lumineuse au bord de la mer eb a l’intérieur des terres. 
p. 386-389. (14 févr.) 
Géogra: ee. Paris. t. 46. Novembre-décembre 1926. 
ny EE Eau, neige et glace dans le massif du Goundafi. 
Pp 
Japanese ‘of and geophysics. Transactions and 
abstracts. Tokyo. v. 4. .1. 1926 

Terada, Torahiko, & Yamaguti, Seiti. On the effects of winds 
on sea-level. p. 35-54. 

Joncpes de physi ue et le radium. Paris. 8. Janvier 1927. 
Gallissot, Ch. & Bellemin, L’ des accidents 

optiques de Vatmosphére. L’altitude des stries, signe 

récurseur du ye p. 29-50. 

— of geophysics and meteorology. Moscow. v. 8. no. 3-4. 

Batyghina, A. I. The transparency of the atmosphere in 
Sloutzk (Pavlovsk) for 1923, 1924 and the first six months 
of 1925. Re 158. with English abstract.] 

N. . Effect of arborous vegetation on the 

be, ep igh of the soil and the temperature and humidity. 
of the air. p. 138-139. [Russian, with English abstracit.} 

Tverskoy, P.N. L’émanation radioactive auprés de la surface 
du sol. p. 206. [{Russian, with French abstract.j 

Wangenheim, A. Th. Conditions synoptiques de |’inonda- 
tion & Leningrad du 23 septembre 1924. p. 194-195. 

Russian, with French abstract.] 

Wiese, W. Beitrage zur Vorhersage der mittleren monat- 
lichen und jahreszeitlichen Werte meteorologischer Ele- 
mente. p. 178-179; [Russian, with German abstraci.] 

‘Marine observer. London. v. 4. April, 1927. 
bar yee L. G, Upper air observations over the sea, p, 79- 


pour l'étude des calamités. Genéve. Année 3. Juillet- 


1926. 
ougin, P. Le danger des glaciers et des inondations en 
p. 141-157. 
Meet azine. London. v. 61. February, 1927.. 
Birooks}, C. P. Abnormal rainfalls. p. 1-5. 
Dight, F. H. The significance of mean cloudiness. p. 6-10. 


; Campbell Bayard, LL. M. p. 22-23. [Obituary.} 
G. J. Extremes of rainfall over the British Isles. p. 18-20. 


Heavy rainfall in the 
Mr. Charles Harding. p. 22. Obituary. 
Professor Alfred de Quervain. 21. lobituary 


Mater ologische Zeitschrift. 

» , Fontseré, E. Einfluss der. Periodizitét auf die Anomalien | 

meteorologischer Mittelwerte. p. 28-29. 

Gorczyfiski, Ladislaus. Uber Solarimeter und einige andere 
messungen. p. 5- 

Kahler, K. Die deta Raumladung der Atmosphare in 


Braunschweig. Band 44. Januar. 


Potsdam. p. 1-5. 

Knoch, K. Der Begriff des “Rhythmus” in der Klimato- 
logie. p. 

Letzmann, Silbercirren. p. 29-30. 

Letzmann, J. Strahlige Kappen. p. 30-31. 

Myrbach, Bemerkungen zu Képpen: ‘ Briicken zwischen 
und der synoptischen Meteorologie.”’ 
Pp. 

Reinecke, A. Neue Ballon-Theodolite. p. 31-34. 

Rubinstein, Eugenie. Der jahriiche Gang der Lufttemperatur 
und die Vegetations eriode. p. 13-18. 

Zinke, Hans. a von Erfurt und seine Bedeutung 


fir die Ve egetatonsyerhiltnsse, besonders fiir den Garten- 
bau. p.1 


1 
(Jan.) [Abstract. 
uF 
IG 
Cali 
Ellison, Ec 
ber, 1926. 
Sederholm, 
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Nature. London. v. 119. 1987. 
— Cc. E. P. Planets and periodicities. p.298. (Feb. 


Perrine, C. D. Progressive lightning. p. 278-279. (Feb. 


Vegard, L. Spectrographic observations of the second green 
line of the auroral spectrum. p. 349-350. (March 5.) 
Nature. Paris. 1 mars 1927. 
La pluie de sang du 30 octobre 1926. p. 235. 


Nature magazine. D.C. v9. March, 1987. 

—. eam Fitzhugh. What price the ice storm? p. 

Naturwissenschafien. Berlin. 15. Jahrgang. 18. Februar 1927. 

Bittner, Konrad. Messungen der durchdringenden Strah- 
lung. p. 158-160. 

New York Times magazine. New York. March 18, 1927. 

et C. F. Now the angry tornado vents its fury. p. 6; 

Petermanns Mitteilungen. Gotha. 73. Jahrgang. 1927. 

on Wilhelm. Stidafrika als regenreiches Land. p. 

Popular astronomy. Northfield. Minn. v. 85. March, 1927. 

Coblentz, W. W. Temperature measurements on the planet 
Mars, 1926. p. 145-157. 

Revue générale des sciences. Paris. 88. année. 1927. 

Metz. La propagation des ondes électromagnétiques. Ap- 
plication des idées actuelles sur la propagation 4 l’emploi 
des ondes courtes, 4 la météorologie, & la goniométrie. 
p. 5-14. (15 janvier.); p. 39-47. (31 sanvieey 

a vr society of Canada. Journal. Toronto. v. 21. 


Patterson, J. Solar activity and long-period weather changes. 
By H. H. Clayton. p. 38-41. (Jan.) 
Stérmer, Carl. Preliminary et on crucial phenomena of 
lar lights. p. 66-71. (Feb.) [From Bulletin No. 6, 
nternational geodetic and geophysical union.]} 


society. Quarterly journal. London. v. 53. 
anuary, 1927. 
Bliss, E. W. The Nile flood and world weather. p. 41-43. 
[Abstract and discussion.] 
ae C. E. P. Non-linear relations with sunspots. p. 


SOLAR OBSERVATIONS 


FEBRUARY, 1927 
By Hersert H. Kimpatt, Solar Radiation Investigations 


For a description of instruments and exposures and 
an account of the method of obtaining and reducing the 
measurements, the reader is referred to the Revizw for 
January, 1924, 52:42, January, 1925, 53:29, and July, 
1925, 53:318. 

From Table 1 it is seen that solar radiation intensities 
averaged close tonormal at Washington, D. C., and Lin- 
coln, Nebr., and slightly below normal at Madison, Wis. 

Table 2 shows a deficiency in the total solar radiation 
received on « horizontal surface from the sun and sky 


SOLAR AND SKY RADIATION MEASUREMENTS DURING 


Fesrvary, 1927 


al’ meteorological society.’ Quarterly journal. “London. 53. 
anuary, 1927—Continued. 
Brunt, D. An investigation of periodicities in rainfall, pres- 
sure, and temperature at certain European stations. p. 
30 


1-30. 
Brunt, D. The period of simple vertical oscillations in the 
Dines, L. H. G. Plotting isopleths of relative humidity. 
p. 43-44, 
Fujiwhara, S. Cloud studies. p. 33-39. [Describes 
cumulus over fire at after 
t., 1923. 
Glasepeole, J. The daily fall of rain over the British Isles. 
65-67 


Hergesell, The development of A retrospect 
and a ance into the future. p. 73-80., [Trans.. 
Meteorologische Zeitschrift.] 
Johnson, A Some meteorological observations made at 
sea. p. 
nny N. K., & Davies, E. L. Some measurements of 
baa Naga near the surface in various kinds of soils. 
p. 45-59. 
Margary, Ivan D. The effects of weather on plant life. p. 


Mill, Hugh Robert. Rain. p. 86-89. id Bi 
The soaring ye of birds. p. 32. [Soaring of stork observed 
during kite 
Whipple, F. J. W. A remarkable halo complex. p. 80-82. 
society of London. Proceedings. series 
arch, 1927. 
Barnes, Howard T. Some physical properties of icebergs 
and a method for their destruction. D. 161-168. .. 
Schonland, B. F. J. The electric fields of South African 
thunderstorms. p. 229-243. 
Science. New York. v.66. March 4, 1927. 
Douglass, A. E. Solar records in tree growth. p. 220-221. 
Scientifie monthly. New York. v.24. March, 1927. 
Humphreys, W. J. The atmosphere: origin and composi- 
tion. p. 214-219. | : 
vor of sciences. Journal. Baltimore, Md. v. 17. 
arch 4, 
Mathes, F. E. Some examples of the cellular structure of ice. 
126. "{Abstract.] $3 
WwW . Berlin. _ 26. Dezember 1926. 
Archenhold, F. S. Nordlichter und Sonnenflecke. p. 33-34. 


at Washington and close to the normal amount at 
Madison and Lincoln. No record was obtained at Twin 
Falls during Wapeeery as the pyrheliometer was under- 
going repairs. The altitude of the pyrheliometer at that 
station 1s reported by the official in charge to be about. 
1,200 meters instead of 1,300 as given in the January. 
Review. 

No skylight-polarization observations were obtained 
at Madison, Wis., as the ground was covered with snow 
throughout the month. At Washington, measurements 
made on three days give a mean of 61 cent with a 
maximum of 62 per cent on the 17th. These are close 
to average values for Washington in February. 


| 
; 
Royat meteoroiogical socvety. Memotrs. London. v.1. no. 6. 
je Bliss, E. W. British winters in relation to world weather. 
if 
7 
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1.—Solar radiation intensities during February, 1927 
[Gram-calories per minute per square centimeter of normal surface) 


a.m.| 78.7° | 75.7°| 70.7° | 60.0° | 0.0° | 60.0° | 70.7° | 7a? Noon 
| mer, —~| mean 
time A.M. P. time 
50 | 40} 20} 110) 20 | 80} 40 © 
ik mm. cat. | cal. } cal. | cal. | cal. | cat, cal, | mm, 
Feb, 2...----- 3.991 0.69 0.79 0.98 125 1.57 0.6 0.89). 0801 3.81 
0.62} 0.70} 0 1 1.10) 0. 
7.29) O85} 0.97) 1.08) 1.82) 1.62 
5.36, 0.771 0.89] 1.04 126 1.52) 1 2. 
Means... 0.73) 0.82) @ 1. 59} 1.20) (0. (0.89)} (0. 
Departures......|....« +0, +0. 03). .....|-+0. 01) —0. 
Madison, Wis. 
1. 1. 1.28) 1. | 1,19 
1.02) 1.11) 1. 1 1 
18. 0. 1.43 1, 1.21) 1. 
0.95) 1,24 3. 00 
Feb. 1........ 1g | | 200 
9 L 096 1.37 
in om 93) 1515) 40) 27), 1.08) 2.62 
0.7 1.08} 1. 1. 1.61} 1. 1.01] 0.96) 0.91) 
2. 4.1 0.98). 13}. 1.38)...... 1,38) 1, 17}. 1.13), 1, 
24. 4.1 4 
Means. 1.03, 1. 1.4% 1.62) 1.37) 1.17 1.05) 
+0, 06) +0. +-0. 01/-+-0. 04)... +0. 


TABLE 2.—Solar and sky radiation received on a horizontal surface 
[Gram-calories per square centimeter of horizontal surface] 


Wash- | Madi- |,  Chi- | New || Wash- | Madi 

ington| son j°??*°™ cago | York son Lincoln 

Jan, 29. 198 +6| —4 

175 190 288} 130 +20 

Deficiency since first of year on Feb. 25............-. —1,687 | —406| —553 


PHOTOHELIOGRAPHIC OBSERVATIONS 


[Communicated by Capt. Epwin T. Potzocx, Superintendent, United States Nava 
Observatory. Data furnished by the Naval Observatory in cooperation with 
Harvard, Yerkes, and Mount Wilson Observatories) } if 


‘METHODS USED TO OBTAIN POSITIONS AND ARBAS OF SUN SPOTS 


UNITED STATES NAVAL OBSERVATORY, WASHINGTON, D. CS 


The measured positions and areas of solar spots and 
groups herewith published were made from negatives 
taken with the 40-foot horizontal photoheliograph of the 
United States Naval Observatory. The 40-foot objective 
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phase m.) is of 5 inches (12.7,m.) aperture, corrected 
for actinic rays, and the solar image at, the focus of the 
instrument is about 414 inches (10.8 cm.) in diameter. It 
is used.in conjunction with an unsilvered plane mirror to 
throw thesolar light in the proper direction. Photographs 
are taken daily near noon, weather permitting. : 
Dry plates 7 inches square are employed, coated with 
a slow lantern-slide emulsion, and are backed with a 
paste of Winsor and Newton moist lampblack before 
exposure, to prevent halation. Just in front of the photo- 
Par om plate hangs a plumb line of fine wire which oasis 
a sharp shadow image upon the solar disk during expo- 
sure. This exposure is made a, drop shutter with an 
adjustable slit: located just in front of the plate. The 
vertical image of the plumb line impressed on the nega- 
tive, together with the eastern standard time of exposure, 
furnish data for orientation of the plate. 
ingenious instrument recently devised by Mr. 
Watts and Miss Lamson, of the Naval Observatory, and 
constructed by the instrument maker at the observatory, 
was used for these measures. bai | 
Transparencies having the sun’s outline and _ helio- 
graphic coordinates ruled for each 10°, corresponding to 
e period of observation, are used with this instrument. 
From these. transparencies the heliographic latitudes 
and longitudes of the: solar markings may be directly 
read, after setting for the proper position angle of the 
sun’s axis at the time of observation. Areas to the 
nearest. whole aaVATe degree are measured similarly, on 
a separate reticule line chart. Foreshortening is allowed 
for on this chart as the solar limb is approached, so that 
the true area is determined. Unless the larger spots 
comprising a group indicate individuality, the position 
measured is referred to the mean center of the group as a 
whole. With respect to position and area of spots, both 
umbra and penumbra are here considered as an entity. 
Faculz are not included in these measures. For well 
defined objects not too near the limb these positions are 
probably accurate to. +0.5°.—@. H. Peters. 


HARVARD COLLEGE OBSERVATORY 


_ The solar image is photographed every clear day at 
the Harvard Astronomical Laboratory, using the Clark 
8-inch equatorial with negative-enlarging lens to pro- 
duce an equivalent focus of 553 centimeters, giving 8 
solar image of about 6 centimeters diameter with a 
scale of 1 millimeter, representing about 14,500 miles or 
24,000 kilometers near the center of the solar image. 
The telescope carries a special solar attachment for 
photographing the image, using a focal plane curtain 
shutter which may be adjusted in speed and 
to produce any exposure down to one-thousandth of a 
second. A color screen, selected to best suit the se 
tive, was manufactured for us by the Eastman Kodak 
Co. The color curve of the lens was first determined 
and used as a basis for the selection of the proper filter. 
The filter is placed in the plate holder immediately in 
front of the — The objective is provided with a 
stop holder which makes possible the diminution of the 
light received on a clear day. An aperture of about 
6 inches is Niied with an exposure of one five-hundredth 
of a second on a “Cramer contrast” plate. 
“The east and west line is located from the short 
dimension edge of the 4 by 5 inch plate, this being 
squared with ‘the camera, which is carefully oriented by 
trails and clamped in place on the draw tube of the 


bs 
4 
1 
. 
3 
all 
} if 
| 1 Extrapolated. 
telescope. 
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The pee are developed in hydroquinone, and when 
fixed, dried, and labeled are ready for measurement. 
As the method of measuring x’s and y’s of the sun spots 
and reducing the same to the heliographic position by 
the usual trigonometrical computation is long and 
tedious and of greater accuracy than the nature of the 
problem seems to require or allow, a modification of the 
hp method devised by Hale and used at Yerkes 
an 


Mount Wilson has been adopted which has perhaps — 


some merits as regards simplicity and’ convenience of 
operation. 

In place of the steel ball used by Hale, we make use 
of a well-made white globe with celluloid finish, upon 
which marks can be made and erased with perfect satis- 
faction. The globe is 8 inches in diameter and is mounted 
in & supporting ring graduated into degrees. This 
supporting ring in turn is mounted’in a fork support 
which may be adjusted about a vertical axis by the 
amount necessary to allow for the tip of the solar pole 
to or from the earth. The angle of inclination of the 
sun’s axis to the fundamental plane perpendicular to the 
line of sight is taken from the Ephemeris, as is also the 
position angle of the solar axis with respect to the north 
and south line. 

The adjustment of the axis of the globe for the latter 
inclination Sa ey ocr angle with the north and south 
line is effected by ne the supporting ring in the 
fork which supports it. The graduations on a horizontal 
circle facilitate the adjustment of tilt with respect to the 
fundamental plane, whereas the graduations of the sup- 
porting ring of the globe itself allow for accurate orienta- 
tion of the axis in position angle. 

When the globe has once had its axis adjusted to 

Pet oon to that of the sun for the day in question, 
the photographic negative is placed in the projecting 
lantern and the image of the negative solar disk cast 
upon the globe. The size of the image is made to exactly 
fit the globe by adjusting the distance of the globe from 
the lantern in conjunction with the focusing of the pro- 
jecting lantern itself in the usual way. In this way 
compensation is provided for the:change in the apparent 
diameter of the sun throughout the year. 
With the solar image projected onto., the. globe the 
centers of all-visible spots can be accurately located with 
a sharp-pointed pencil and numbered in any sequence 
or date desired. It is usually possible to mark on the 
globe the positions of spots from several negatives taken 
on successive days without confusion. 

_ As soon as all the spots have been thus located for a. given 
day or series of days, a solar meridian is carefully drawn 
along the ange of the brass supporting ring which will 
make possible the resetting of the globe to the same 
identical position or for any other longitude, of sun’s 
center that may be desired. The globe.thus marked to- 
gether with its supporting ring is then removed from the 
supporting stand and pla in a precision mounting 
accurately machined and with a horizontal circle readi 
by degrees from 0° to 360°... The globe and ring is pla 
in the.stand so that the axis of the globe is perpendicular 
to. the horizontal circle. The position of the pole is read 
directly from the brass supporting ring. 

_. The globe is then rotated in its stand. until each spot 
in turn is brought under. the meridian ring from which 


the heliographic latitude is at once read directly to the 
nearest degree and by estimation to the nearest tenth of 
a degree. The difference in heliographic longitude is 
obtained at the same time by noting the movement of 
the fiduciary meridian with respect to the horizontal 
circle, reading again directly to the nearest degree and 
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by estimation to the nearest tenth of a degree. The 
values published are referred tothe meridian passing 
through the center of the sun’s disk and are expressed to 
the nearest degree. By such an arrangement it is possible 
to make several independent set-ups and thus auto- 
matically check the determination of the position and 
reduce the probable errors of reading as desired. 

It is sufficient to add that we have found such a method 
and arrangement greatly superior to the use of any of 
the Poser sets of sheets giving heliographic coordinate 
systems for certain limiting dates both as regards accu- 
racy and facility in obtaining the desired data. ; 

For determining the areas of spots, concerning which 
it is understood that areas in terms of the sun’s hemis- 
phere are desired, a plane metal disk is used in place of 
the globe as a projecting screen. This disk is covered 
with a sheet of coordinate paper, which has ruled upon 
it a circle 8 inches in diameter. The solar image is made 
to fill the 8-inch circle and the area of a spot is estimated 
in terms of the number of millimeter squares which ‘are 
covered by the umbra and penumbra of the spot. These 
areas are then corrected for foreshortening by multiply- 
ing by the secant of the angular distance of the spot 
from the center of the disk, the corrected areas being 
then divided by the area of the hemisphere in square 
millimeters X10~* to give the actual area in millionths 
of the sun’s hemisphere. 

Experiments are in prnerelp for the measurement of 
sun-spot areas by the use of a modification of the thermo- 
electric photometer,’ but ways of eliminating or correcting 
for the varying bac und absorption have not yet been 
completely and satisfactorily worked out.—H. T. Stetson. 


YERKES OBSERVATORY , 


- At the Yerkes Observatory the direct photographs of 
the sun are taken with the 12-inch Kenwood equatorial 
diaphragmed down to an aperture of 3 inches. The 
focal length of the telescope is 5.49 meters, so that the 
solar image is about 51 millimeters in diameter... Sharp 
images are obtained with the lens, which is corrected for 
visual rays, by using a yellow filter and Eastman process 
plates. Short exposures are given by means of a plate 
shutter, operated by a spring, and reduced to a slit about 
3 millimeters wide, over which the glass filter is fastened. 


_ The image was formerly oriented by means of the shadow 


of a metal wire stretched across. the image of the sun; 
before the exposure the wire was oriented by projecti 
on it the image of the sun and examining on a groun 
glass to see if the wire was parallel to the diurnal motion 
of the sun’s limb. Difficulty was encountered in keeping 
the metal wire perfectly straight. Since March 1,'1927, 
the orientation of the camera is obtained by using the 
edge of the shutter instead of a metal wire.. This edge 
hes been made ony perpendicular to the direction. of 
motion of the slit. small opaque spot on the filter 
appears as a fine straight line on the negative, thus indi- 
or measuring the negatives, they are projec yan 
are lamp on the 6-inch graduated disks prepared by the 
Stonyhurst Observatory for that purpose. (Journal of 
the British Astronomical. Association, 18,,,pi~26, 
1907.) The constants for the date determine the disk 
to be used and the rotation to be given to the negative 
so that one can read directly the latitudes, the differences 
of longitude between the spot and the central meridian, 
o the areas in square degrees.—George Van Bies- 
oeck. 


1 Astrophysical Journal 43:253:58:36. 
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MOUNT WILSON OBSERVATORY 


The positions and areas of sun spots furnished by the 
Mount Wilson Observatory for publication in the 
Montaty Wearuer Review are taken from the daily 
records of the magnetic polarities of sun spots. These 
records are made at the 150-foot telescope by projecting 
‘the image of the sun, mean diameter 42.8 centimeters, 
upon a sheet of paper and sketching the spots. The 
heliographic latitude and longitude of each group is read 
from a disk on which the circles of solar longitude and the 

arallels of latitude have been drawn for every 10 degrees. 
I'wenty of these disks are available for different diameters 
of the image and different values of the heliographic lati- 
tude of the sun’s center. 
. To determine the areas a réseau, ruled to square milli- 
‘meters, is placed on the sketch and the area of each group 
counted in square millimeters. The areas are then 
reduced to millionths of the visible hemisphere, taking 
into account the actual diameter of the image. The dis- 
tance of each group from the center of the disk is then 
measured and the projection factors obtained to correct 
the areas for foreshortening. be 

The solar photographs made at the 60-foot tower 
telescope, sun’s mean diameter 17.1 centimeters, are 
compared with the sketch and, if any spots have been 
omitted, they are measured on the photograph by meth- 
ods similar to those described in the Greenwich Photo- 
heliographic Results —Seth B. Nicholson. 


Positions and areas of sun spots 


i Area 
Eastern Heliogra aphic 
Date civil 
time | | Latitude | Spot | Group 
1927 Hr. min. 
13 35} +200] 39 
(Mount Wilson.) —21.0 +9.5 385 
+7.5|. —8&0 625 
uo} 504 
(Mount Wilson.) —59.0 —20.0 32 
0| 
+0) 
Mount Wilson.) —62.0| +26.0 "70 
—18.0 8 
55.0] 17.0 
17 
(Mount Wilson.) 48000] +840 181 
+30.5|  —15.0 427 
0 529 
(Mount Wilson.) 71.0 42200 
758.0)  -17.0 21 
+7.5| 44 
Feb. 1 —67.5 22.0.| 154 
—35.0| 309 
-17.0} +110 185 
Feb. 2. 51 sino | 
Naval Observatory.) —70.0 17.0} 98 
5 +240 62 
24.5 31 
—15.5 309 
—27,0| 154 
+6.0) —15.5 its 


Positions and areas of sun spots—Continued 
Heliographic Area 
tude Latitude | Spot | Group 
Hr.min.| 
+15.0| 154 
4225) 
—320| +24.5 
—18.0| 62 
-14.0| 309 
-14.0| 123 
—4.5) $1 
+8.0 10 
12.5 1.0} 123 
19.5) —16.0 463 
Fob. 4 13 47 370 
(Naval Observatory.) +100; 
—42.5| +15.5 93 
—17.0| +250) 81 
424.0) 15 
—4.0| 
ti 370 
5| —28.0 62 
10.5| 15 
2.0} +110} 93 
$5.5| j-.-... 278 
75.0} —18.0|........ 463 
Feb. 5 —13, 362 
(Harvard.) +10. 
—28. +15. 164 
12. 438 
15. —26, 
| 
: |. 198 
Feb. 6. 18 2 —67.0 +13.0 
(Mount Wilson.) —80)--.... i0 
—40.0| 781 
—125 26 
+100) 83}... 
471 
+2 0 26.0 2 
30.0} —17.0|-....- 518 
+33.0| =28.0 65 
$8.0} +120/ 183 
.0| 
a 
90.5) —14.0 556 
-15.5| —125 62 
—1.0| 108 
+160 309 
29.0 25.0 46 
0 —17.5 270 
46 
+78.5| —13.0 154 
—17. 72 
0. 
12, 14. 
32 
362) 
51. —30. 
(Naval Observatory.) 93 
—15.0 463 
+16.0 +5.5 278 
18.5} +10.0| 46 
26.5 | +17.0 216 
87.0| +26.5 31 
+58.0| +25.5 123 
+64. 0 —17.0 309 
+70.0} 20.0) 48 
10. 11 48| —28.0/ 123 
(Naval Observatory.) 48.5} 800 
40.5)  =15.5 
420.0) 46.5 
+69. 0 Th 
—i7.0 309 
a —28.0 123 |........ 
|...... 370 
444.0 45.5 247 
6} +100} 62 
51.0} +16.0 
450.5) +180) 62 a 
Feb. 1 ll 66) 123 
(Naval Observatory.) 18 
437.5) 186 
| 
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Positions and areas of sun spots—Continued Positions and areas of sun spots—Continued 
E Heliographic Area Bast Heliographic Aree 
standard Date standard 
— " | Latitude | Spot | Group loos Latitude | Spot | Group 
° ° Hr. min. ? 
(Naval Observatory.) —37.0 123 (Naval Observatory.) —26.0 
=27.0| 77 |.......- 210 
=8.0| +105 |..---- ibs —27.0| +14.0}...... 6 
—27. +34, cone 
aval Observatory.) —49.0 —9. 5 |..-.-- 31 —53.0 —18.0 
(Mount Wilson.) —32.0| +120 17 (Naval Observatory.) 180). 
+20.0| +10.0 27 62 
+25.0| —13.0 14 146 |) 680} 
+67.0 —20.0; 24 (Naval Observatory.) 0 —18,0 123 
(Mount Wilson.) 1 +12.5| 1% 
ig Feb. 28... +220 62 
(Naval Observatory.) —59.5| 31 25.0 26 
—65| ibd 
+46.0 +15.0 
+49.0 —13.5 | 108 j........ 
AEROLOGICAL OBSERVATIONS 
By Wexsy R. Stevens 
With the pxcegean of the mean temperatures at 4,500 
meters above Ellendale, mean free-air temperatures were Date Station Velocity (m.p.s.) | Altitude 
above normal at all aerological stations. Departures 
aloft were in general of the same order of magnitude aos 
at the surface. Woe 54 500 
Humidity departures were unimportant, although 5, 750 
were mostly below normal at Broken Arrow and Royal 
Center and above normal at Groesbeck. Cheyenne 40 4.008 
North of the thirty-seventh parallel and east of the one - 


hundredth meridian the general wind resultants near the 
surface were W. to NW.; south of this latitude they were 
W. te SW.; west winds prevailed aloft east of the one hun- 
dredth meridian. On the north Pacific coast southerly 
winds prevailed to 3,000 meters, above which they 
shifted to northerly; on the south Pacific coast southerly 
winds were general to 500 meters, above which they 
shifted to northerly. The resultants show that there was 
an excess of southerly component over the normal (or 
less northerly component) corresponding to the well- 


defined excess of mean temperature over practically the 


entire country. (See Chart III.) Perhaps the excess of 
mean temperature was due more to the lack of severe cold 
waves than deviation of resultant winds from normal. 
Correlation between wind direction and temperature is 
not perfect, as has been pointed out before, since southerl 

winds often transport cold air masses and northerly winds 
waim masses. Resultant velocities were about normal. 


The table below shows winds of 40 m. p. s. or more 
observed during the month. 


The unusually high WNW. winds observed at Chey- 
enne are of particular interest, since verifying pilot- 
balloon ascents were made on two different days durin 
the month, when velocities considerably above norm 
were observed. In each case the verifying ascent showed 
the same general character as the first. 

On the ist and 20th Cheyenne was under the influence 
of almost identical pressure conditions. A Low of great 
intensity was moving inland from the north Pacific coast 
with a rather weak area of high pressure over Colorado. 
On the 24th the situation was quite different. An area of 
high pressure was moving in from the NW. BY the 
morning of the 25th it had overspread the entire Rocky 
Mountain region and the Plains States. Relative to the 
high winds frequently observed over Cheyenne, the 

cial in Charge says: 


Perhaps the most level pass across the Rockies lies in southern 


Wyoming, with an elevation of 6,000 to 7,000 feet; on either side 
pre tan es 9,000 to 12,000 feet; however, the Laramie Mountains 
: a barrier of lesser height than the ranges across the east end 
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of this and the crest of the over these tainsis from 1.—-Free-air 
3,000 office; it is this 


the ‘distribution of be 
er e ution ressure ma 

there is a Low over Alberta, or even over British Columbia and 

ashington with a toe extending into. northern Wyoming in com- 
bination with a nicH over western Colorado or Utah, or even 
Nevada and Arizona, unusually high winds are recorded for eleva- 
tions of 2,000 to 4,000 feet. if pressure conditions are reversed, 
the HIGH being over the Dakotas, Montana, northern Wyoming, 
and sometimes as far westward as. Minnesota, also sometimes over 
Idaho with a toe oatending sive northern Wyoming, in combination 
with a Low over western Colorado, Utah, and even as far distant as 
Arizona and southern California, there seems to be a calm or 
marked falling off of velocity at the same altitude, almost invari- 
_ Kite flights were made at Broken Arrow and Groesbeck 
on the morning of the 17th within the southern sector of a 
well-developed cyclone which was central over southern 
Kansas. The flight at Groesbeck shows an unstable 
lapse rate to 693 meters, with a stable stratification to 
2,254 meters, above which the gradient again became 
unstable to maximum altitude (2,545 meters). The wind 
direction changed from 8. at the surface to WSW. aloft, 
the decidedly unstable rate from 2,254 meters to 2,545 
meters being due to importation of colder air masses by 
the WSW. wind. A thunderstorm occurred NW. of the 
station during the flight... 

The flight at Broken Arrow shows a stable rate on the 
ascent to highest altitude; however, on the descent tem- 
perature fell aloft with wind shifting from SW. and SSW. 
to WSW., while temperature at surface rose, thus 
building up an unstable gradient. 

A flight was made at Groesbeck on the 5th while rain 
was falling. It was followed by thunderstorms at a num- 
ber of stations in eastern Texas. On this date Groesbeck 
was under the influence of a rather weak pressure system 
with light to moderate SSW. and SW. winds extending 
to at least 3,000 meters. Temperature had risen from the 
preceding day from the surface to 1,100 meters, while 
there was a fall from 1,250 meters to 2,700 meters. The 
air was near saturation from the surface to 3,000 meters 
and, coupled with a high lapse rate, a large amount of 
energy was available for convection, which soon resulted 
in the thunderstorms mentioned above. | 
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Naval Air Station, Anacostia, D. C. 
TaBLe 2.—Free-air resultant winds (m. p. 8.) during February, 1927 


Broken Arrow, Okia. (288 "Due West, 8. C. (217 | N. Dak. ( 


rl Mean 9-yr. mean Mean 6-yr. mean Mean | 10-yr. mean 


Dir. [Vel.| Dir. [Vel.|’ Dir. Dir! Vel, Dir. |Vel.| Dir. |Vel. Dit. ,|Vel|. Dir... Vel. 
O SIN. 37° W,| 0.4/8. 54°W.) 1. 1, 66°W.} 3. | | 1.2/8. 78° W.| 1.4/8. 84°.) 1. 
-| 1. ON, 56°W. 56°W.! 2, 2.0/8. LOIN. 70°W.! 1. 7/8. 82° 2. 
3.2/8. 50°W.) 0.8/8. 71°W.| 4. | 4. djs. 5/8. 47°W.| 1. 78°W.| 2.518. W. 3. 
-| 4.2/8. 55°W.) 2. 01S. 72° W.) 6. 5. 78° 4 4. 4.4/8. 2 870 W. 3. 918. 5, 
| 5.4/8. 65°W.| 2918: | 5.418. ‘| 5. 218. ‘| 8. 8|N. 75°W.| 5. 79°W.| 
‘| 6.8/8, 85°W. SIN. 88° 10 | ‘| ‘| ‘| AQIN, 72°W.| 6.818. 86°W,| 7.6 
‘| 7, 118. 89°W.| 4. 88°W_i11. ‘Ito. 73°W.| 6. 60°W.! 7.3/8. 8s. ‘| 67°W.| 8. 88°W.| 9 
‘| & QIN. 85°W.| 6. 61S, 86°W.112. IN. 72°°W.} 8. 9.5/8. ‘ho. 85°W (11. 0.N. 
‘| 9. 85° W.| 7. GIN. 87° W115. SIN. 72° W.| 9. 58. ‘| 8. BIN. 75°W. 10, 85° 
84°W.| 9. SIN. 89°W.|16. IN. 75° W110. sis. 7s. “0. IN: 77°W.|11. 87°W./13. 6) 
9. 9|N. 69° W.|10. 91S. 87° W.|16. 88° W..|17. 80°. ‘13. 0/8. 11.218. 75° W./10. O|N. 88° W.\15. 
W. ‘115. 5/8. 88°W.|15. 86° W Os. 14. 12 118. 77°W.21. 86°W.|15. 
68° W 20. 82° W.|19, 82° 2/8. 112, 51S. 77° W.|23. 7|S. 77° W./19. 


G Tex. | “a Royal Center, Ind. (225 
meters) 


: 


tem 
es ( 
Okla. | Pue Wests | | Groesbeck, | center Ind. 
(233 (444 m.) “|. @25m) | Wash- 
Depar- Depar- epar- ‘Depar- epar-| 
ture ture ture ture ture |(7m.)! Bs 
Mean| from |Mean} from |Mean| from |Mean} from |Mean| from |(mean) 
9-yr. 6-yr. 10-yr. 9-yr, 9-yr. 
mean mean mean mean mean ny 
Surface...; 8.4) +2.9) 12.3) +3.2) —8.2) +1.2) 12.2) +1.7) 27) +3. 
84) +3.0) 121) 11,8) 41.6 25) +3. 
> 3} 10. 3.9) —7.7| +1.4) 10.8) +1.8 -0.2) +3.6 
+4,7| 8.0) +28! 10,8) +26 —0. 
1,500.....) 7.0) +46 6.8 9.4) -1.4) +3.5) 
4.7) +3.9) 4.0) ~7.2) +1.8) 64) $1.1) —3.5) 42.7) 
21) +3.7) 1.4) 41.0) 3.2) 40.3) —5.8 +23) 
3,000. —0.8} 40.2) 1.0) 40.5 —9.0) +1.6 
00. 9.7}, +1, —0.2) —6. 4). +0.6,—18. 
RELATIVE HUMIDITY (%) 
Surface... 68 0 0 2 -1 65 
250.......; 68 70 - 62 
500......-| 63} =2| 65 | : 59 
1,000.....|. 51) 6). 63 63) 6 59 
1,250_.... ss - 60 56 
1,500. .... —7 58 | 0 55 —5 60 +8 59 51 
2,000. .... 56} 58 +11 44 
3,000... +5 52 +49 —10 47 
VAPOR PRESSURE (mb.) 
: 
Surface... 7. 1, 53} 10. 
6.90) +1. 35 
5,86) +1. 00 
1,000_ ----| 5.72) +1. 34 
1,250. 5.30) +1. 35) 
1,500__...| 4.50) +0. 96 
2,000.....) 3.81) +1. 
2,500.....| 3.06 +0, 75 
3,000. ....| 2.62) +0. 73 
| Washington, D. C. (34 a 
| meters) 
Mean 9-yr. mean | | 9-yr. mean Mean | 7-yr. mean ie 
4 
1,500..-....|8. 
2,000. 
8. 
3,500. ....../8, 
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WEATHER IN THE UNITED STATES 


GENERAL CONDITIONS 


The warmth of the month was the one outstanding 
feature of the weather. Precipitation in several localities 
was about double the normal. All in all it was a warm 
and moist month.—A. J. H. 


CYCLONES AND ANTICYCLONES 
W. P. Day 


Low-pressure areas were considerably more numerous 
than in January, and the more important depressions 
numbered 22. A majority of these were of Pacific origin 
or secondary developments over the Rocky Mountain 

ion in conjunction with the Pacific types. 

welve high-pressure areas were plotted, but only two 
were important as cold waves over any considerable area. 
These cold-air masses spread southeastward from Canada 
near the end of the first and second decades; otherwise 
temperatures were generally above the normal. 


THE WEATHER ELEMENTS 
By P. C. Day, In Charge of Division 


PRESSURE AND WINDS 


The month was notably stormy on the Pacific coast, 
low pressure prevailing during much of the first week and 

ain from the 12th to 25th, when precipitation occurred 

most daily. It was heavy to excessive on a number of 
dates, particularly in southern California where from 
about the 14th to 16th the falls were among or actually 
were the greatest of record, causing much loss and damage 
by washing and flooding of roads and fields, destruction 
of bridges, ete. Considerable delay to traffic occurred 
due to impassable roads, and entire communities were 
without means of surface communication for varying 
periods. On account of the well-soaked condition of the 
soil prior to the occurrence of these heavy rains the run-off 
was heavy and all reservoirs were filled and ample sup- 
plies of water are assured. 

Over the remainder of the rao pressure was fre- 

uently low and there was censiderable cyclonic activity, 

though this was confined mainly to the latter half. 
About the 13th low pressure developed in the Southwest 
and by the middle of the month stormy conditions had 
extended to the lower Lake region and precipitation had 
covered a wide area from the Rocky Mountains eastward, 
the rains being heavy to excessive over much of the Gulf 
region, with considerable snow from the middle Missouri 
Valley eastward to the Great Lakes and some sleet in 
southern New ap amen This storm moved into the St. 
Lawrence Valley during the 15th with generally lessened 
importance. 

An important cyclone moved into the middle Plains by 
the morning of the 17th and by the following morni 
had advanced to the Middle Gulf States causing general 
eager ne over most central and southern districts 
rom the Great Plains eastward, with local heavy rains in 
portions of the lower Mississippi Valley, New Orleans 
receiving nearly 7 inches in the 24 hours ending 8 a. m. of 
the 18th with an additional inch during the following day. 
This barometric depression gathe strength to the 
southward and on the i the 19th was central 
near the Georgia coast and heavy precipitation had 
occurred over portions of the east Gulf and South 


Atlantic States while lighter amounts had fallen over the 
remaining Atlantic coast area, the precipitation changing 
to heavy snow or sleet in the more northern localities. 
This storm moved northeastward somewhat off the coast 
during the following 48 hours, causing rain, sleet, or 
snow from the Ohio Valley eastward and northeastward, 
the precipitation changing to heavy sleet along the North 
Atlantic coast and to moderately iad to heavy snow 
over the near-by interior districts. High winds and tides 
occurred during this time particularly along the New 
Jersey coast, where much damage resulted, while in some 
districts back from the coast heavy glaze greatly damaged 
overhead wire systems. 
A slight barometric: depression central in the! lower 
Mississippi Valley on the morning of the 23d, moved 
eastward to the Carolina coast during the following 24 
hours and was accompanied by some heavy rains over 
the east Gulf and South Atlantic States. Another slight 
depression, central over the Ohio Valley on the morning 
of the 25th, developed considerably by the followi 
morning, when it appeared as two storms, one centr 
over Lae Ontario and the other covering southern New 
England. These combined later and moved toward the 
Canadian Maritime Provinces. Precipitation from this 
storm covered most districts from the Mississippi River 
eastward, considerable snow occurred over the Great Lakes 
region and to the eastward, becoming heavy and wét to- 
ward the coast and causing some damage to wire systems. 
At the close of the month a cyclone of considerable impor- 
tance had moved from the Southern Plateau to southern 
Texas, with sre we rather general, but light, from 
the Rocky Mountains and western Great Plains south- 
eastward to near the west Gulf coast, snow falling over 
the northern half of the area. ; 
Anticyclones were mainly unimportant though on the 
9th one of marked strength had entered the upper Mis- 
souri Valley and during the following few days moved 
southeastward to the Atlantic coast attended by generally 
fair and moderately cold weather over most districts 
from the Rocky Mountains eastward. Another of con- 
siderably smaller proportions entered Manitoba and the 
Dakotas on the morning of the 12th and moving eastward 
vanes, § the northern border during the following day or 
two brought some sharp temperature falls, particularly 
in the St. Lawrence Valley. Another anticyclone that 
gave promise of an extensive lowering of temperature over 
the Great Plains and central valleys and to the eastward, 
entered the Canadian Northwest and upper Missouri 
Valley on the 17th, with temperatures from 20° to 30° 
below zero near the center. It moved into the middle 
Missouri Valley during the following 24 hours and brought 
sharp temperature changes over the Great Plains and 
west Gulf region, the lowest temperatures of the month 
occurring over the States from Arkansas and Louisiana 
eastward on that and the following day or two as the 
effects of the anticyclone slowly extended eastward over 
the Southern States. . From its main center over the 
middle Missouri Valley on the 18th, this anticyclone 
moved rapidly to the Northeast and on the 19th it had 
passed beyond the Great Lakes and to the southeastward 
of Hudson Bay. The sharp falls in temperature expected 
from this HIGH, which materialized in the far southern 
and northern districts, did not occur over the Central 
States from the Mississippi Valley eastward due to the 
development of cloudy, rainy conditions in that area. 
The average pressure was nearly everywhere less than 
that normal for February, though in the Great Plains 
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and Southwest the variations from normal were small — 


and in some localities. the pressure was slightly higher 
than the normal, and like conditions existed over north- 
eastern New England, the eastern Canadian Provinces, 
and in southern Florida. The aver 
distinctly low over the far Northwest and in the southern 
ian region. 

mpared with January, 1927, the pressure averages 
were much lower in all parts of the country including 
Canada, the changes being particularly large along the 
North Pacific coast where usually February pressures are 
slightly higher than those for January. 


he prevailing winds were mainly from southerly 


points over the Gulf and South Atlantic States, and over 
much of the Plateau and Pacific coast sections. Else- 
where they varied greatly. 

High winds or prevailed over the Pacific coast, 
and occurred locally 


ted to buildings near the coast 
by undermining, etc. Over the interior there were fre- 
quent local storms, and damaging tornadoes occurred in 
northern Louisiana and near-by portions of Mississippi 
with a total loss of more than 40 lives and extensive 
property damage. The details concerning these and 
other storms appear at the end of this section. 


TEMPERATURE 


February ig a whole was an abnormally warm month; 


practically every station in the United States and all 
reporting in Canada had monthly means above normal. 
In nearly all parts from: the Mississippi Valley eastward, 


“incldding also the West Gulf States, the averages were 


among the highest of record for February, while over 
many of the Southern States it was actually the warmest 


February in the period of record. Several stations in 


Alabama and portions of near-by States reported it as 
the warmest winter month in more than 50 years. As 
much of the country. was distinctly warm in January, 
particularly in the South, and this area was also warmer 
an normal during December, a number of the Gulf 
‘States have had nearly, and probably in a few instances 
uite, the warmest winter of reco Chart III shows 
e extent of the temperature excess for the month. 
_. The temperatures during the month were remarkably 
uniform for a winter nome; particularly over the south- 
ern sections, Key West, Fla., having but one day with 
temperature below normal; while in other portions of the 
Gulf and South Atlantic States there were frequently not 
more than a few such days. 
__ The warmest periods were the 3d and 4th in the Hast 
Gulf and South Atlantic States; the 16th to 18th in the 


Ohio Valley and Middle Atlantic States; the 20th to 24th © 


along the northern border from Montana to New England, 
and at about the same time over much of the country 
from the middle and southern Plains west to the Pacific 
coast. In a few sections of the South Atlantic and East 
Gulf States the maximum temperatures of the month 
were the highest ever observed in February. 

The lowest temperature, 48° below zero, was observed 
at an exposed locality in Wyomin , but temperatures of 
25° to 35° below zero were observed at many points along 
the northern border and locally in the western mountains. 
Freezing temperatures or lower were recorded somewhere 
in all the States except Florida, where the lowest observed 


pressure was _. 


ong the Atlantic seaboard, par- — 
ticularly along the veer coast on the 19th and 20th, 
when much damage resu 
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“was 88°. At Norfolk, Va., the month was remarkable in 


that no temperature as low as freezing was observed, the 
first February occurrence of the sort in the 56 years of 
officially recorded observations. 


PRECIPITATION 


Considering the country as a whole the precipitation 
was above normal over more than half the States and in a 
few instances the amounts were far above, and locally the 
heaviest of record for February.. This was notably the 
ease in California, where the average precipitation was 
more than twice the normal, and locally in the south the 
falls were among the greatest of record. In the vicinity 
of San Diego precipitation was unusually heavy about 
the 10th to 16th, resulting in severe floods the damage or 
loss of many bridges, and the washing of fields and roads. 

In the great central valleys the precipitation was very 
generally less than usual in Pobieeary, and like conditions 
existed over most of the Atlantic Coast States. 


SNOWFALL 


Every State in the Union save Florida was visited by 
snow, though over much of the South the amounts were 
trifling and no important depths lay on the ground for an 
extended period, except over the more northern districts 
and in the mountain areas. 

No widespread snow occurred on any single date, but 
there were considerable falls on the 5th and 6th from the 
upper Lakes westward to North Dakota and over the 

ortheastern States. About the 12th to 14th consider- 
able snow fell over the northern districts, and some rather 
heavy falls occurred from Nebraska and near-by areas 
eastward to Michigan. There was some heavy snow, 
sleet, or glaze on the 19th and 20th over the Middle 
Atlantic States, causing much damage to overhead wires 


..in portions of New Jersey and near-by areas. About 


the 26th-28th there was considerable snow over the 
eastern ra 8 of the Rocky Mountains including the 
adjoining plains from Nebraska southward to Oklahoma 
and northern Texas. 

In the western mountain districts, snowfall was mainly 
above normal, particularly in the central and southern 
sections. Toward the north the falls were mainly some- 


. what less than normal. 


At the close of the month the amount of stored snow in 
the high mountains was as a rule somewhat more satis- 


- factory than for several years and the outlook for a suffi- 


cient supply of water for power and irrigation needs dur- 
ing the usual dry season was good. 


RELATIVE HUMIDITY . 


The persistence of cloudy, rainy weather in many of the 
far Western States was reflected in the relative humidity 
which was far above normal in most of California and 
near-by States and generally above normal in other 
Western States save in Washington where there were 
some pronounced deficiencies. 

Over practically all southern districts from Texas 
eastward and generally in the Ohio Valley and Atlantic 
Coast States relative humidity was uniformly above 
normal, but in the area between the Mississippi River and 
the Rocky Mountains varying conditions existed with a 
tendency to percentages below normal. 
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SEVERE LOCAL STORMS, FEBRUARY, 1927 . 12 
[The table herewith contains such date ss have been received concerning severe local occurred during the month. A more complete statement will in he Annu 
Report of the fine Chet of Bureau] 
Width of Value of 
Loss 
Place Date Time path, of life wey, Character of storm Remarks Aathority 
Southern 000 | Heavy rains....... Cofferdam washed out near Delhi, causing Oficial, Weather Bu- 
ad of onstruction equipment; ain & 
s impassable 
New York, N. Y., and High winds, sleet, Considerable property damage in Do. 
Tilinois (northern)... tracks washed out near bureau; 23,000 | Official, U. S, Weather Bu- 
acres inundated. Teau. 
New Jersey ......---.------ --| Sleet and glaze....;, Minor inconveniences and some property dam- Do. 
age. 
7} 6p.m....-) 16mi, 5,000 | Heavy hail........| Damage considerable ayer peth 80 
sno es pee fruits severely injured; scores hurt 13 
driven from homes; most buildings in 
iego damaged. 
Louisiana (southern)... Rain, wind, and | Many telephone lines out of commission; some | Official, U. S. Weather Bu- 
small tornado. damage by flooding. Tornado occurred at | Times- 
‘Alexiusville. 
Millen (near), Ga_......-.. 1,000 | High wind ........ Trees blown down; alight damage to dwellings; 
schoolhouse wrecked reau. 
Harrisburg, Slight damage to wires; streets and highways in Do. 
bad condition; many accidents re 
damage not reported. 
6s D 
and wind. circuits severed; traffic delayed. reau. ; H 
Colorado (southwestern) ~-| Wind, snow, and carvion crippled; demolished by | Post (Denver, Colo.) 
snowsli es; 2 persons m 
Covington and Kenton, 17 | Pom. .t i iN ek Electrical and | One barn burned and wrecked; some | Official, U. 8. Weather Bu- 
Tenn. (peer), wind. livestock killed. reau. 
Dodge City, Wind, snow, and | Many motor ears stalled; streets blocked; 1 Do. 
Phonsant Hill, La. (west of). 17 | Sp. m..... 200; 17 100, 600°} ‘Tornado. Heavy prop property damage over path Bo. 
es | persons severely teats 
Lake Bruin, La., to Alex Much of life and at various | Official, U. 8. Weather Bu- 
ander City, ints over a path more miles long. reau; 
any persons injured. La,); Ties (Fort 
Apalachicola, Fls., and .-| High wind........| Slight damage in city; obstructed. by | Official, U. Weather 
didge, 18 | 6p. 40,000 | Thunderstorm...) A school, warehouse, and stores damaged- Do. 
alveston, Tex., and vicin- 100, 000 | Gales... ..-....... Many frame structures blown down; heavy | Offieial, U. 8 
e to equipment at Fort Crockett, An 
‘ex.). 
Madison County, 5,000 | Tornadic wind... timber blown down; farm build- off , U.8 Weather Bu- 
San Antonio, Tex. (near)... 18 10,000 | Wind...... Seven planes wrecked; bang and other planes tonio Daily Press 
ai n 
Atlantic seaboard and Wind, Many build wrecked; foundations under- | Official, U. 8. W 
land north of Virginia. snow mined; and other wires reau;, The walt 
; heavy losses at sea; shipping ;| York). . if 
“many persons injured. 
Oregon (western) ........... 20-24 Heavy rains_.._.__ Floods g Official, U. 8. Weather Bu 
- ‘ and low! crops; also caused of logs, reau. i 
Oreg. 2 lines damaged_. 
&, Mont 2 Violent gusts...... inor damage about ci Be 

Starke, Fla., and vicinity 25 | 2p. m....- 440 do Do. 
Maine, New pshire, | 25-26 aaa 200,000 | Heavy snow and c ablic utilities sustain heavy losses; shipping’ The Globe (Boston, Mass.). 
of Massachu- d. 
New Wind and tides... to that of She but . Official, U. 8. Weather Bu- 


1“ Mi.” signifies miles instead of yards. 
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$TORMS AND’ WEATHER WARNINGS 

| WASHINGTON FORECAST DISTRICT 

On the morning of the 3d fresh to strong winds were 
forecast for the middle and north Atlantic coast in con- 
netcion with a disturbance over the Upper Lakes. The 
disturbance moved very rapidly eastward during the 
next 24 hours'and strong winds occurred, reaching gale 
force at times from Sandy Hook northward. 

On the morning of the 6th southeast warnings were 
ordered from New London, Conn., to Portland, Me., in 
connection with a low-pressure center off the New Jersey 
coast, which was apparently increasing in intensity. 
The warrings were o down the same night, \as the 
disturbance moved so rapidly northeastward that the 
winds shifted to west and were — fresh to strong: 

The evening of the 13th northeast warnings were 
hoisted between Sandy Hook and Boston in connection 
with a disturbance near Hatteras; and on the following 
morning were extended northward to Eastport. Strong 
winds occurred as indicated in the warnings. 

On the morning of the 16th a disturbance of consider- 
able intensity was over Lake Michigan and southwest 
storm warnings were hoisted from Norfolk to Eastport. 
During the next 12 hours the disturbance decreased in 
intensity and warnings were lowered that night south of 
Delaware Breakwater. Winds were only f to strong. 

- On the morning of the 18th northwest storm warnings 
were ordered from Bay St. Louis; Miss., to Cedar Keys, 
Fla., and s winds occurred. On the following morn- 
ing, with a disturbance of considerable energy over 
Georgia, northeast storm warnings were hois from 
Wilmi n, N. C., to Boston, for strong northeast winds 
and gales accompanied by rain and snow, and small 
craft warnings were ordered from Mobile to Key West. 
Northeast warni were continued on the 20th from 
Boston to Sandy Hook and extended north of Boston to 
Eastport. Gales omer 4: by snow and rain occurred 
generally along the middle and north Atlantic coast. 

Southeast warnings were ordered the wm of the 
25th from Sandy Hook to Eastport. On the afternoon 
of the following day these were changed to northwest, and 
were continued on the 27th, but ordered down the morn- 
ing of the 28th. Strong winds and gales occurred sub- 
stantially as indicated in the advices. 

A cold-wave warning was issued for northwest Ohio 
on the morning of the 8th, and on the evening of that 
date for Kentucky; but, while the temperature fell, the 

the morning of the 14th heavy snow warnings were 
disseminated for northern New England. rts | 

Cold-wave ings were ordered the evening of the 
17th for Kentucky, Ohio, central and western Tennessee, 
and northern Mississippi, and on the following morning 
warnings were distributed for freezin temperature in the 
interior of Alabama and Mississippi and near ry 
along the east Gulf coast. These warnings were verified, 
although temperatures did not fall quite as low as 

On the 19th we of freezing temperature nearly to 
the coast were issued for Georgia and Alabama and 
near freezing in extreme northern Florida. The temper- 
atures indicated were not reached in places owing to a 
continuation of the cloudiness. 

On the 20th the possibility of light frost was indicated 
for Alabama, Mississippi, and northwest Flordia, and 
light frosts occurred, bow 
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- Heavy show warnings were ordered for New England, 
western Pennsylvania, and New York on the morning 
of the 20th, and were verified, except in southeastern 
New York and southern New England, where the 
precipitation was partly in the form of rain. 

Warnings for light frost were disseminated on the 
morning of the 26th for South Carolina, Georgia, south- 
east Alabama, and portions of northern Florida. These 
were verified. H. Weightman. 


CHICAGO FORECAST DISTRICT 


- February, 1927, in this district was unusually mild. 
At the same time precipitation was deficient almost 

nerally. From the foregoing it would be natural to 
infer that the occurrence of weather conditions callin 
for special warnings was less frequent than ustal. An 
such was the case. 

Cold waves —From time to time during the month a 
few cold waves of more or less limited geographic extent 
occurred in northern portions of the district, while one 
cold wave advanced southward across Kansas and 
northwestern Missouri. In the Middle Mississippi and 
Lower Ohio Valleys; however, the month passed without 
any cold waves. The dates on which cold-wave warnin 
were issued were the 3d, 7th, 8th, 11th, 14th, and 17th. 
The warnings on the 8th and 17th were the most general 
in scope. Conditions on the morning of the 17th ap- 
peared to be almost ideal for a general cold wave in the 
eastern and southern portions of the district, but both 
the HIGH and Low concerned took unusual courses. 
These movements resulted in north and northeast winds 
in the southeastern States of the district and, although a 
marked: fall in temperature occurred as a rule, the 
minimum temperatures fell many degrees short of the 
figure required. 

Advisory warnings for Lake Michigan.—Disturbances 
affected Lake Michigan every two or three days in 
succession during most of the month, and it was neces- 
sary to issue advisory warnings for shipping on a number 
of occasions. The most severe storm was that of the 
17th-18th, when strong north or northeast winds and 
gales prevailed over most of the Lake. 

Stock warnings—Only one warning of this character 
was issued, namely, that on the 17th for Kansas and 
Nebraska. ‘This was in connection with the cold wave 
that occurred in those States on the 17th-18th.—C. A. 


. NEW ORLEANS FORECAST DISTRICT 


Areas of low pressure were dominant during the 
greater part of the month and temperatures averaged 
unseasonably high, but cold waves were not entirely 
absent. The most extensive cold wave occurred on the 
17th=19th, and less extensive ones, limited to the more 
northern sections of the district, on the 9th-10th and 
the 28th. Timely warnings weré issued for all of the 
cold waves, with livestock warnings where severe condi- 
tions were indicated. 

On the 16th, the p. m. map showed a well-defined 
tro of low pressure extending eastward from the 
Pacific coast to the lower Missouri Valley and an area 
of high pressuré, attended by severe cold, was advancing 
southward from western Canada. Cold-wave warnings 
were isstied for Oklahoma and the Texas Panhandle. 
The next morning more intense conditions eae 
with the depression central over southern Kansas, : 
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the warning was extended over.the remaining interior 
sections. On local indications the, official in charge at 
Galveston displayed northwest storm warnings at 4:30 
p.m. At 8 p. m. of the 17th northwest storm 
were se all from Morgan City, La., to Brownsville, 
Tex., with extension of cold-wave warnings to.the Texas 
coast and over southwestern Louisiana; and at 8:40 a. m. 
of the 18th storm and cold-wave warni were issued 
for the remainder of the Louisiana coast. | Gales occurred, 
as predicted, along the entire Texas coast, and there were 
destructive tornadoes. in a few. localities in northern 
Louisiana. 

‘Small-craft warnings were displayed on the Texas 
coast on the 9th and 23d and were justified. Northeast 
sterm warnings were ordered displayed on the Texas 
coast at 8:30 p. m. of the 27th,.but the increase in wind. 
velocity was gradual and not. sufficient on the 28th to 
justify storm warnings. 

Frost warnings were issued on the 20th for the coast 
sections of Louisiana and Texas, except for the Lower 
Rio Grande Valley, and on the 25th for northern Loui- 
siana. Towards the close of the month, vegetation was 
sufficiently advanced in the eastern portion of, the dis- 
trict for frost warnings as far north as Little Rock, Ark. 

“Norther” warnings for Tampico, Mexico, were 
issued on the 9th and 18th —R. A. Dyke. 


DENVER FORECAST, DISTRICT 


Low pressures prevailed in Alaska, western Canada, 
and on the extreme north Pacific coast from the Ist to 
the 4th, attended by frequent snows in Montana, north- 
western Wyoming, and northern Utah, with tempera- 
tures much above normal until the 5th. High pressures 
in the northwestern sections from the. 5th to the 8th, 
together with a moderate depression that remained over 
the Southwest, were attended by snews from Montana 
southward to Colorado and by colder weather that had 
extended on the 8th to southeastern New Mexico. Low 
pressures continued in the southern portion of the district 
until the 14th, and a disturbance of marked intensity 
advanced from the north Pacific coast southeastward 
across Colorado during the period from the 13th to the 
16th. Precipitation resulted in about all portions of the 
district from the 12th to the 17th, with the. heaviest 
in western Colorado, northern New Mexico, Arizona 
and Utah. Severely low .temperatures east. of the 
Divide in Montana on the 16th, 17th and 18th accom- 
panied the advance of a nigH from Alberta. A Low of 
marked intensity, from Alaska, that extended south- 
eastward across the northern and eastern portions of the 
district from the 18th to the 23d was attended by snow 
or rain as far southward as Colorado and northern New 
Mexico. The last important storm of the month de- 
veloped over the southern portion of the Rocky Mountain 
region on the 26th and advanced, with decreasing in- 
tensity, to southwestern Texas on the 28th. » Precipita- 
tion resulted from Montana southward to northern 
Arizona and northern and eastern New Mexico. 

Warning of a moderate cold wave in eastern Colorado, 
extreme eastern New Mexico, and southern Wyoming 
was issued on the morning of the 8th..:The warning was 
fully verified. Warning of a moderate cold) wave in 
northeastern Wyoming and east of the divide in Mon- 
tana, which was also fully verified, wasissued on the 
morning of the 12th: On the morning ofthe 14th 
warning was issued of a moderate cold wave east of the 
divide in Montana, and the warning was extended on the 
evening of the same day to include Wyoming. Verifica- 
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tion was received in eastern Montana, but the warning 
failed of verification in Wyoming, owing to the develop- ~ 
ment of a Low over the,southern portion of that State. 
On the morning of the 16th warning was issued of a severe 
cold wave immediately east of the divide in Montana 
and in northern Wyoming. ‘The warnings were extended 
on the evening of the 16th to include all.of Wyoming, 
and moderate cold-wave warnings were issued for eastern. 
and central Colorado. Severe cold-wave: warnings were 
issued on the morning of the 17th for eastern Colorado’ 
and moderate cold-wave warnings for that. portion of 
New Mexico east of the mountains... The warnings were 
verified except in western Wyoming. Warning of a 
moderate cold wave in extreme western Colorado and. 
southern Utah, issued on the morning of the 28th, was 
verified in southwestern Colorado and extreme south-. 
eastern Utah. le 
A cold wave without warning occurred in eastern 
Montana on the 8th, owing to the unexpected strength- 
ening and slow movement of a HIGH over that region. 
The cold wave, for which warnings were issued. on the 28th, 
extended to southeastern Colorado, for which section 
warnings had not been prepared. a 
Warning of heavy snows in southwestern Colorado, 
northeastern Arizona, and southern Utah was issued on 
the morning of the 12th, together with livestock warnings 
for those sections. Heavy snows continued in the region 
specified until the night of the 16th—17th. G 
Forecasts of strong winds in eastern Colorado and 
Wyoming were issued in the interests of aviation on the 
ist, 2d, 3d, 15th, 16th, 18th, 19th, 20th, 2ist, and 22d. 
These were generally verified.—J. M. Sherrer. 


SAN FRANCISCO FORECAST DISTRICT 


At the beginning of February the pressure over the 
greater part of the northeast Pacific Ocean was quite low 
and the subpermanent high-pressure system normally 
found between California and Hawaii was considerably 
south of its usual position. Weather conditions over the 
far western portion of the continent above latitude 35° 
were much disturbed in consequence; rains were of fre- 
quent and general occurrence, and southerly gales preva- 
lent along the north coast. Warnings for the latter, 
which had been displayed on the Oregon-Washington 
coast on January 31, were continued almost uninterrupt- 
—we with occasional extensions to cover Puget Sound 
and the northern California coast, until the 5th, when 
the pressure rose over the ocean east of the 140th merid- 
ian, and several days of comparatively undisturbed, 
weather intervened. Frost warnings, incident: to this 
pressure rise, were issued from the 8th to the 11th, 
inclusive, for orchard areas in northern California. 

Although the barometer was high during the latter 
period over the far western States and for some distance 
westward, a change of unusual significance was taking 
— the pressure situation over the northeast Pacific 

as a whole, which resulted in conditions, thereover 
which were without parallel since the charting of ocean, 
pressures was begun at the San Francisco forecast. center,, 
with the possible exception of the period April 1-5, 1926 
when a situation similar in type, if not in intensity and 
length of duration, prevailed. The characteristics pecul- 
iar to both these periods were as follows: (1) The devel- 
opment of an oceanic Low in the south end of a trough 
overlying the middle Pacific Ocean, (2) the simultaneous 
development of a tow over the southwestern United 
States, and (3) the gradual dissolution, of the high+pres- 
sure ridge which lay between these two low-pressure sys- 
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tems extending from the Gulf of Alaska southward to low 
latitudes off our western coast. So obvious was the 
trend of conditions to the westward that. no hesitation 
was felt in the issuance of the regular weekly weather 
outlook on Saturday, February 12, oem A general 
rains in the far western States with snows in the moun- 
tains for the entire’ week: The day following storm 
warnings were ordered along the California coast, and 
warnings were issued to: power and transportation inter- 
ests to prepare for a succession of disturbances accom- 
panied by heavy snows in the Sierra. The situation was 
so unusual that conservatism was —— abandoned 
and emergency measures were advocated. © 
The initial disturbance reached the California coast 
on February 13 and wet weather prevailed over the 
greater part of the Pacific Slope from then until the 26th, 
when the weather cleared and became settled in Cali- 
fornia, although light rains continued in parts of the 
North Pacific States. Especially stormy weather pre- 
vailed in California from the 13th to the 17th. W 
were required on some part of the coast during all of this 
time, and strong winds or gales occurred daily. Excep- 
tionally strong gales occurred during the night of 15th— 
16th, when a maximum velocity of 76 miles, southeast, 
was recorded at Point Reyes. The most notable feature, 
however, of this period was the extraordinary rainfall in 
southern California, which was unequalled in amount 
for any similar period since the deluge of January, 1916, 
Precipitation totals ranged. from 5 to’ 12 inches at a 
great many observation points, and in some cases even 
greater amounts were reported. Many bridges were 
carried away, numerous highways rendered impassable 
by washouts, and communications variously interrupted. 
e pressure situation over the adjacent ocean duri 
this time is especially worthy of remark. It was no 
above that the Pacific high-pressure system was con- 
siderably south of its normal position, with concomitant 
disturbed weather on the coast north of latitude 35° 
during the time that this condition prevailed. During 
the period just mentioned, or more:specifically, from the 
llth to the 26th, inclusive, this: high pressure system 
was not only far south of its normal position, but for a 
part of the time, namely, that when the stormiest weather 
was prevailing in southern California, it disappeared 
from the area of observation, and there was literally no 
Pacific in evidence. »'The first. indication of its 
reestablishment was on the morning of February 18, and 
so obvious were the symptoms that special advices were 
telegraphed to southern, California Weather Bureau 
officials ‘and issued to the press predicting that the period 
of persistent rainfall was about to terminate, a forecast. 
which was fully verified for the central and southern 
parts of California, and especially designed to relieve the 
— which was entertained over a possible continua- 
tion of the heavy rains in the extreme southern end of the 
State, where repairs and rehabilitation were in progress. | 
The return to higher pressures over the lower latitudes 
of the ocean was attended by the reappearance of dis- 
turbances in the higher latitudes and storm warnings 
were almost continuously oo at. north coast ports 
from the 17th to the 25th, inclusive-—T7..R. Reed. 5 


.RIVERS, AND. FLOODS. 
Atlantic: drainage. —A 


eriod of rain from February 18 


to 23 with local heavy falls on February 19 and 23 caused 
moderate floods in basins of the James River of Vir~- 


ginia and in the rivers of the Carolinas. The floods were 
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of short duration, the usual warnings were issued, and 
the damage was little or nothing. Property to the value 
of $35,000 was reported as having been saved by the 
warnings. The Santee River of South Carolina was still 
in flood ‘at the close of the month and did not crest at 
until March 2. 
t Gulf drainage.—Heavy rains on February 11-12 
over the drainage area of the Alabama River caused a 
rapid rise in all rivers of that istrict, that in the upper 
reaches of the Alabama River being accentuated by the 
closing of many of the gates at. Lock No. 12.and Mitchell 
Dam on the, Coosa) River: From 8 a..m., February 13, 
to 8 a. m:, February 14, the rise in the Coosa River at. 
Wetumpka, Ala., was 37.6 feet, and that in the Alabama 
River at Montgomery, Ala., 23.4 feet.. The floods, how- 
ever, were moderate, and no losses were a. apm except 
of a few cattle that had strayed back to the river after 
having been driven out of the lowlands when warnings 
were received. 

The same general conditions prevailed over the Black 
Warrior and lower 'Tombigbee of Alabama, 
although in much) more pronounced form below the 
mouth of the Black Warrior River. The crest stage at 
Demopolis, Ala.; was:52.5 feet, 13.5 feet above the flood 
stage, at 5 p. m., February 22, but at Lock No. 10, 
Tuscaloosa, Ala., the highest stage was 0.3 foot below 
the flood stage of 46 feet.. Impounding of water behind 
the dam at Lock No. 17,25 miles above, probably pre- 
vented a further rise of 6 or 8 feet at Tuscaloosa, and of 
a foot or two more at Demopolis. Lowlands for a dis- 
tance of 175 miles below Demopolis were inundated, but 
the losses were only: about $10,000, as a greater flood 
had occurred during January and after that flood there 
was little ngante subject to damage left in the river 
bottoms: Property valued at $4,000 was saved by the 
w 
Floods in the Pascagoula and Pearl systems of Mis- 
sissippi and: Louisiana were also moderate as a rule. 
The weather had been "y for several months; otherwise 
the amount of rain that fell from February 12 to 14 and 
on February 18 and 19 would have produced a much 
greater flood. The Lower Pearl and West Pearl Rivers 
were still in flood at the close of the month. Loss and 
damage as reported was $65,900, while the reported value 
of property saved through the warnings was $40,709. 
The loss to farmers was negligible. 

Ohio drainage.—The January floods in the Wabash and 
White Rivers of Indiana continued during the early days 
of February, an ice gorge in the Wabash below Covington, 
Ind., causing a stage at Covington of 24 feet, or 8 fest 
above the flood stage, on February 1. There was a 
slight additional swell caused by the rains of February 5, 
but nothing more, and no corns was reported except 
that given in the Montrsity Weatuer Review for 
January, 1927. 

The Green River of Kentucky was generally in flood 
from about January 22, and it was not until February 10 
that the flood waters subsided over the lower reaches. 
The crest stages were from 12 to 14 feet above the flood 
stages, with a maximum at Lock No. 4, Woodbury, Ky. 
Warnings were widely distributed before and during the 

igh water, and the total of reported losses was small. 
The American Red Cross contributed effectively to relief 
work along the middle reaches of Green River. 

Heavy rains over the upper Tennessee River drainage 
on February 22 and 23 caused a decided rise in all upper 
tributaries and the upper river, with moderate flood 

in several of the former and at Rockwood, Tenn. 
on the latter. No damage was reported. At the end of 
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the month the crest of this rise had just reached Gunters- 


ville, Ala. ; 

Ohio River.—The Ohio River passed below the flood 
stage of 28 feet at Louisville, Ky., on February 1, and at 
Cloverport, Ky., during February 4, but not until 10:30 
p. m., February 9, at Evansville, Ind., and during the 
night of February 14 at Cairo, Ill. At Evansville a crest 
of 44.8 feet was reached on January 30, and at Cairo a 
crest of 48.9 feet on Febru 6 and 7. These latter 
dates marked the end of the flood that began at Pitts- 
burgh, Pa., on January 21. During this flood the Cum- 
berland and Tennessee Rivers were not in flood, but the 
Ohio above the mouth of the Cumberland was much 
higher than in late December and early January. The 
upper Mississippi was also low. 

This flood did not differ much from other great Ohio 
River floods, except in the remarkable smallness of the 
loss and damage. In the Evansville district, direct Ohio 
River losses were $69,940, and in the Cairo district, 
$48,950, of which $39,250 was in crops, mostly in the 
State of Kentucky. Reported savings through flood 
warnings were between $50,000 and $100,000 in the 
Evansville district and $77,000 in the Cairo district. 
About 23,000 acres of land were overflowed in Illine’s and 
15,000 acres in Kentucky. 

Lower Mississippi Riwer.—The flood in the lower Mis- 
sissippi River was virtually continuous throughout the 
month. The river at New Madrid, Mo., reached the 
flood stage of 34 feet on February 1, a crest of 37.6 feet on 
February 8, and had fallen only to 29.3 feet on February 
26, when another and sew rise set in. Report on this 
flood must be further delayed, as the river did not reach 
the flood stage of 17 feet at New Orleans until February 
13, and was still rising at the end of the month. The 


Yazoo River of way os remained high throughout 


the month, and the Atcha 
Louisiana moderately so. 

Illinois River—Heavy rains and melting snows around 
February 4 and 5 caused another marked flood in the 
Mlinois River with crests from 4.5 to about 8 feet above 
the flood stages. A full river when the rains began and a 
low Mississippi River balanced one another and the rise 
was about normal for the amount of rain and melted 
snow. Warnings were issued for 10 days, and below 
pes the river was still in flood at the close of the 
month. 

White and Black Rivers of Arkansas.—The floods in 
these rivers began about January 22 and were due to 4 


alaya and Ouachita Rivers of 


series of heavy rains from January 19 to 26. While the 


floods were not severe, several thousand acres of farm 
land were overflowed in the territory back of White River 
Levee and about 1,000 residents were driven from their 
homes for two weeks or more. The levee broke in a few 
places, but the greater portion stood. Most of the stock 
and portable property had been removed as soon as the 

t warnings were received. The lower St. Francis 
River of Arkansas was also somewhat above flood s 
during the greater portion of the month, as was also the 
Arkansas River near its mouth, mainly on account of the 
flood in the Mississippi River. 

Colorado River and tributaries ~-Precipitation from 
February 11 to 17 was heavy at times over northern and 
central Arizona and rises unusual for the season occurred 
in the lower Colorado and the Gila Rivers. While flood 
s were not reached in the Colorado, the situation was 
sich as to necessitate warnings. River conditions in the 
lower valley were precarious, the people were much 
alarmed, and the warnings proved of great value. There 
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was no damage. In the Gila and Salt and other tributary 
streams flood conditions prevailed, with a crest of 10 feet, 
5 feet above the flood stage, in the Salt River at Phoenix, 
Ariz., on February 17. Warnings were issued for the 
lower districts, but little could be done to protect crops. 
Losses reported were $11,800. The heaviest rains 
occurred over a limited area in the central portion of the 
State, and at Prescott the rainfall was the greatest re- 
corded in any one month since 1866. ray 
Pacific drainage—Sacramento system.—Five days of 
excessive rains within a week over the upper drainage 
of the Sacramento River of California could have but. 
one sequence, and the only question was of the intensity 
of the flood. At Kennett, the total rainfall from February 
14 to 20, inclusive, was 13.15 inches, of which all but 
0.45 inch fell in five days which, however, were not 
consecutive. At Red Bluff, 73 miles below Kennett, the 
rainfall during the same period was 4.44 inches, and 
somewhat less farther south. There were also heavy 
rains over the tributary mountain drainage to the 
eastward. 
By February 18 it was apparent that a flood was 
imminent, and warnings were issued for the Sacramento 
and for the mountain tributaries. Late afternoon re- 
rr on February 20 indicated that heavy rains were 
alling upon the snows over the high altitudes to the 
north and on the soft snow in the Sacramento Canyon, 
and additional warnings were issued at once. The 
heavy rains continued to fall, and on the morning of 
February 21 general warnings were issued for the Sacra- 
mento River as far south as the mouth of the American 
River. Thirty gates of the Sacramento Weir were 
opened during the day, permitting a vast quantity of 
water to flow into Yolo Basin, and at the same time 
Fremont Weir, near the mouth of Feather River, was 
a into the basin large volumes of excess water 
from the Feather-Yuba and Bear Rivers. Then an 
a spectacular fight by the farmers below to save their 
lands. Their efforts were only partially successful, and 
within two days, more than 15,000 acres of lands had 
been flooded. One large tract of 6,000 acres was pro- 
tected by sandbags on top of a 4-mile levee, and the 
water crested within four inches of the top of the double 
line of bags. A break in the levee two miles above 
Colusa on the Sacramento River was the only break 
reported, and several thousand acres of orchards were 
overflowed. 
a were frequently issued and they covered all 
sections affected. At Sacramento the situation was much. 
relieved by the opening of the gates of the weir. Reports 
of losses were very incomplete, but those reported ag 
gated $275,000, of which $60,000 wasincrops. The value 
of property saved through the warnings was given as 
$135,000. Many expressions of commendation for the 
service rendered by the Weather Bureau were received, 
and among them letters from the managers of the recla- 
mation and levee districts, who were enabled to combat 
successfully with the flood waters. > 
Willamette system—There were two floods in. the 
system. The first, during the early days of the month 
was unimportant, but the second was more pronounced 
and caused much damage. 
The second flood was caused by’ the same series of 
— and heavy rains that caused floods in California. 
Oregon the season had been unusually wet, and when 
the rains began on February 15 they fell upon soil well 
saturated, with deep snow in the mountains and some 
snow in the foothills . The heaviest rains fell on Feb- 
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a and 20, and on the morning of the latter date 
t warnings were issued for the Santiam River and 


a few hours later for the Willamette and tributaries as far 
down as Eugene, Oreg. On February 21 warni 
ered the lower river, with 18 feet, or 3 feet above flood 
stage, forecast for Portland. The actual crest was 18.1 


cov- 


feet on February 24. The breaking of a dyke in the 


Santiam River, 1 mile above Jefferson, Oreg., probably 
lowered the crest at Jefferson about 1 foot. There were 
also floods at the same time in the Rogue and Umpqua 
Rivers of southern Oregon, as well as in smaller streams. 
No service is maintained on these rivers. 

Losses of $386,505 were reported, not including losses 


due to suspension of business. 


The reported value of 


property saved by the warnings was $161,000. Informa- 
tion as to the latter item was, as usual, very incomplete. 
Expressions of appreciation for the service rendered were 


numerous. 
Above flood stages 
Flood 
River and station stage 
From— | To— | Stage Date 
ATLANTIC DRAINAGE 
18| Feb. 20| Feb. 21| 21.0| Feb. 20 
Richmond, 10 21 21! 10.0 21 
Randolph, 21 21 21 23.3 21 
Ww. 27 25 25| 27.0 25 
Mars 17 @) 17.5 28 
F 12 25 12.8 28 
Broad: Blairs, 8. C.........-...--..- 15 24 26 15.4 24 
7 24 84 4 
hap 14 20 20 | 214.7 20 
EAST GULF ‘DRAINAGE 
bama: Selma, Ala...-..-..--.-.-.- 16 21 37.8 17 
Cahaba: Centerville, Ala_..........-- 25 14 14 27.0 14 
Pascagoula: Merrill, Miss......- 20 17 | Feb. 24 21.2 20 
Chickasawhay: 
Enterprise, Miss.........-.-.---- 21 15 15| 21.6 15 
Shahuta, 27 14 22 30.1 19 
‘Leaf: Hattiesburg, Miss.........-.--- 19 14 16} 20.0 15 
Edinb 21 19 22.0 21 
Jackson, Miss 20 16 (4) 30.0 23-24 
Monticello, Miss.......---.------ 18 14 16 19.6 15 
Columbia, Miss........-.------.- 18 14 28 21.2 16 
Bogue Chitto: Franklinton, La-.-----. 16 14 15 17.3 14 
West Pearl: Pearl River, La........- 13 16 (O) 16.4 18 
GREAT LAKES DRAINAGE 
St. Joseph: Montpelier, Ohio 9; 10.8 8 
ai MISSISSIPPI DRAINAGE 
Ohio: 
Louisville, 28 1 35.6 | Jan. 27 
41, Ky 51 1| 58.7 27 
Dam No. 44, Leavenworth, Ind-- 48 3 60.1 27 
Cloverport, Ky......-.---------- 40 4) 491 28 
Evansville, Ind... -.------------- 35 26| Mar. 6| 37.3| Mar. 2 
Dam No. 48, C cee 35 8 9 44.7) Jan. 31 
Mount Vernon, 35 ll| 45.4 ine. 
Shawneetown, 15| 47.9) Feb. 2 
Tuscarawas: Gnadenhutten, Ohio. - 9 { a 
reen: 
Lock No. 4, 33 8 1 46.8} Jan. 25 
Lock No. 2, Rumsey, Ky----..... 34 12| 43.2] Feb.. 1-2 
Covington, Ind---.............-- 16 ll | 4240) F 1 
White: Decker, 18 22.3) Jan. 28 
White, West Fork: i i 
Elliston, Ind 19 
Edwardsport, Ind...............- 15 1 li} 17.3 
1 Continued at end of month. 3 Con last month. 
1 Estimated. 4 Ice gorge below station. 
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River and station 
MISSISSIPPI DRAINAGE—continued 
Tennessee: Feet Feet 
20 25 26 21.2 25 
Widows Bar Dam, Ala_._.._..... 26 25 (1) 29.7 27 
French Broad: Dandridge, Tenn... 12 24 13.0 24 
Big Pigeon: Newport, Tenn.........- 6 23 23 8.4 23 
Holston: Rogersville, Tenn. .....-.-- 14 24 24 19.0 24 
Holston, North Fork: Mendota, Va.. 8 23 24 10.1 24 
Clinch: Clinton, Tenn..............- 25 25 25 25. 4 25 
New Madrid, Mo._...-....---.-. 34 1 16 37.6 8 
Memphis, Tenn_.........-...-.-. 35 5 20 87.8 12-13 
44 7 24 47.3 15 
Arkansas on 48 6 28 51.8 17-19 
Greenville, Miss. 42 8 48 17-20 
Vicksburg, Miss..............---- 45 6 fi 49.5 21~24 
Watenes, Mise... 46 12 A9. 5 23-27 
Angola 45 1 48.1 25-28 
Baton Rouge, 35 12 1) 39.0 128 
Donaldsonville, La...........-... 28 12 1) 30. 9 ? 26-28 
New Orleans, La_........-.-.-..- 17 13 1) 18.5 1 25-28 
13 3 li 20.0 6 
14 1 g 22.1 7 
10 4 16,1 
18 5 27 22. 6 10 
14 4 1 18.5 14 
Wy, 14 4 1 20. 0 15 
1 12 5 1 16.2 16 
17 1 20 18, ¢ 7-11 
Yancopin, 29 38.2 15-19 
Newport, Ark 26 7 32.6; Jan. 2 
Georgetown, Ark__..........-.... 22 14 28.9 30 
30 3) 13 32.6 /Feb. 4-5 
C ll (3) 16 15.0 | Jan, 26-28 
Black Rock, 14 14 26.3 23 
Cache: Patterson, Ark..............- 9 @ 15 11,2; Feb. 6-7 
Yazoo: Yazoo City, Miss... 25 () 30.4 | Jan, 21 
Tallahatchie: Swan Lake, Miss. -...- 25 3 28 31.1 7-9 
Sulphur: Finley, 24 3) 1 24.4) Jan. 31 
Ouachita: Camden, 30 | Jan, 25 2| 33.8| Jan. 29 
Atchafalaya: Mel sie 37 | Feb. 14 39.0; Feb. 28 
Little: Little River, Tex............. 30 9 10} 35.5; Feb. 10 
PACIFIC DRATNAGE 
5 15 16 6.8 15 
5 17 18 5.7 18 
Salt: Phoenix, Ariz. 5 16 18 10.0 17 
Sacramento: 
Red Bluff, Calif.................. 23 21 21 26.5 21 
xo 0 18 18 26 19.8 22 
Yuba: Colgate, Calif_................ 14 21 21 14.2 21 
Willamette: 
Albany, Oreg_- 20 21 24 29.2 22 
20 22 24 24.9 23 
Oregon City, Oreg__.....-....-.- 12 22 26 15.6 24 
15 23 26 18.1 24 
ame ; Saginaw, 

9 20 22 12.2 21 
Willamette, Middle Fork: Eula, Oreg. 13 21 21 17.0 21 
North Santiam: Mehama, Oreg--...- 15 21 21 15.0 21 

1 Continued at end of month. $ Continued from last month. 


MEAN LAKE LEVELS DURING FEBRUARY, 1927 
By Unirep States Survey 
[Detroit, Mich., March 4, 1927] 


The following data are reported in the Notice to 
Mariners of the above date: 


Lakes ! 
Data Michigan 
Superior; an Erie Ontario 
Huron 
‘Mean level during February, 1927: Feet Feet Feet Peet 
Above mean sea level at New York.._._..... 601.32 | 578.25 | 570.97 245. 31 
Above. or below— 
stage of January, 1927__-...__. —0. 12 +0. 05 —0. if 

Mean stage of February, 1926. ....... +1, 08 +0. 83 +1. 07 +1, 21 
Average stage for February, last 

Highest recorded February stage.....| —1.16 —4.47 —2, —2. 36 

Lowest recorded February stage... ___ +1. 08 +0. 83 +1. 07 +1 48 
Average departure (since 1860) of the Febru- 

ary level from the January level. -......... —0. 20 +0. 03 —0. 08 +0. 07 


1 Lake St. Clair’s level: In February, 1927, 572.40 feet. 
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EFFECT OF WEATHER ON CROPS AND FARMING OPERA- 
TIONS, FEBRUARY, 1927 


By J. B. Kincer 


General summary.—The weather during the first part 
of the month was characterized by uniformly mild con- 
ditions for the season in nearly all sections of the country. 
About the beginning of the second week, however, an 
extensive high-pressure area, accompanied by much 
colder weather, overspread the Northwestern States and 
drifted southward over the southern Great Plains and 
the Southeast. The cold moderated considerably before 
reaching the latter section, although there was a sharp 
fall in temperature over the Southwest with freezing 
extending well southward over Texas. Storms were 
rather active during the third week with low pressure 
areas causing widespread rain over southern districts 
and rain or snow over most Central and Northern 
States east of the Mississippi River. During the last 
week there was a return to generally pleasant weather in 
nearly all portions of the country and temperatures 
were well above normal in most areas. 

The mild, open, and mostly fair weather during the 
first "eage made conditions favorable for outside work and 

eatly reduced the snow cover that was present at the 

eginning of the month. The moderate to substantial 
rains in the Southeast were very beneficial in conditioning 
the soil, and abnormal development of all vegetation was 
noted. The continued warm weather had advanced 
fruit too rapidly, with the earlier varieties blooming quite 
generally throughout the Gulf section during the second 
week. Fruit trees continued to advance prematurely 
during the latter part of the month and at the close some 
early varieties were in bloom as far north as central 
Arkansas. While there was some interruption to farm 
work in the Southeast by rain, the additional moisture 
was beneficial; in some southwestern areas the soil con- 
tinued too wet to work. Toward the close of the month 
conditions became more favorable for work in the South- 
west, with seasonal operations advancing satisfactorily. 
mall grains. —There was practically no snow cover in 
the principal wheat-producing sections at the beginning 
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of the month, but beneficial precipitation occurred during 
the second week, the generous snowfall over the north- 
western portion being especially helpful. Some com- 

laint of freezing and thawing was made in northern areas, 

ut this was not widespread, and the wheat crop con- 
tinued in generally fair to good condition in most sections. 
During the last half of the month wheat was reported 
greening up in the lower Missouri Valley and furnishing 
some pasturage in Kansas. Cereal crops in Southern 
States continued in mostly good condition with the 
moisture in the Southeast of considerable _ benefit. 
There was some complaint of green bugs appearing 
locally in the Southwest. 

Ranges, pastures, and livestock—Pastures showed 
improvement in the Southeast under improved moisture 
conditions and favorable temperatures. The absence 
of storms during the first week was beneficial for livestock 
in the great western grazing areas, while the open 
conditions in the northern Great Plains permitted free 
ranging. The weather was less favorable during the 
second week, but rain or snow in the far Southwest 
augmented water supplies and improved the desert 
range. Generous precipitation over southwestern sec- 
tions during the latter part was beneficial for the range 
and further increased the water supply. Livestock 
continued in mostly satisfactory condition, with lambing 
making good advance in the West at the close. 

Miscellaneous crops.—Progress and condition of truck 
crops in winter-producing areas was almost continuously 
good throughout the month. Potato planting advanced 
rapidly in most areas of the Southeast, with planting 
me in southern Arkansas at the close. 

he unseasonably mild weather during February 
caused premature swelling of fruit buds and at its close 
peaches, pears, and plums were in bloom as far north 
as central Arkansas and or buds were showing color 
in the southern Ohio Valley. Citrus were making new 
growth in Florida and leafing and» much bloom was 
noted in some districts. Good conditions for citrus 
prevailed in California the first part, but later the con- 
— damp weather caused some rotting of navels on 
the trees. 


' WEATHER ON THE ATLANTIC AND PACIFIC OCEANS 


NORTH ATLANTIC OCEAN 
By F. A. Youne 


Taking the ocean as a whole, the weather over the 
North Atlantic during February presented few unusual 
features, although in the region between the 45th and 50th 
parallels and the 30th and 45th meridians gales were 
reported on from eight to nine days, which is considerably 
above the normal as shown on the Pilot Chart. In a 
number of squares in the middle and eastern sections of 
the ocean gales occurred on from five to seven days, and 
several ships encountered winds of force 11 and 12, as 
shown in table. 

The number of days with fog was considerably below 
normal over the Grand Banks and in the middle section of 
the steamer lanes; it was unusually prevalent, however, 
in the square between the 35th and 40th parallels and the 
70th and 75th meridians, where it was observed on 13 
days. Fog also occurred on four to six days over the 
eastern section of the steamer lanes and in the North Sea, 
and on three days in the Gulf of Mexico. 


TABLE Averages, rtures, and extremes of atmospheric pressure 
.- > level, 8 a. m. (75th meridian), North Atlantic Ocean, February, 


Average | De; High- 
Stations pressure | ture! | est | Date | Lowest] Date 
Inches Inch | Inches Inches 

Julianehaab, G 229.33 | 29.78 | 17th.....| 28.91} Ist.‘ 
Belle Isle, Newfoundland....._- 620.82 | +0.07 | 30.58 | 20th...._ 29.16 | 8d. 
Halifax... 30.01 | +0.03 | 30.74 | 29. 28 | 4th. 
29.99 | —0.07 | 30.36 | Ist...... 29.46 | 26th. 
30.06 | —0.07 | 30.52 | Ist......| 29.72 | 19th.« 
30.10 | +0.02 | 30.24 | 2d¢____. 29.72 | 19th. 
—0.02 | 30.28 | Ist 29.70 | 18th. 
Swan Island__.................. —0.03 | 30.02 | 16th._._. 29. 19th. 
30. 15 Re 30. 24 | 13th...._| 30.06 | 19th. 
30. 19 05 | 30.36 | 2d....... 29.98 | 26th.‘ 
30.10 | —0.03 | 30.36 | Ist 29.72 | 24th. 
Lerwick, Shetland Islands 29.88 | +0.16 | 30.55 | Oth... . 29. 08 | 23d. 
Valencia, 29.92 | +0.02 30.59 | 6th_.___- 28. 74 | 22d. 
Lond 30.07 | +0.07 | 30.58 | 14th 4...| 29.20} 24th. 


1 From normals shown on H. O. Pilot Chart based on observaticus at Greenwich 
mean noon, or 7 a. m., 75th meridian. 

2 Mean of 21 observations; seven days missing. 

3 No normal established. 

4 And on other dates. 

5 Mean of 24 observations; four days missing. 
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The month began with a disturbance over Newfound- 
land that moved rapidly eastward and on the 3d was 
apparently in the vicinity of the south coast of Iceland. 

Charts VIII to XI cover the period from the 3d to 6th, 


inclusive, when extremely stormy conditions prevailed 


over a large portion of the ocean. 

the 8th a well-developed Low was:central near 50° 
N., 42° W., and gales of force 8 to 12 prevailed between 
the 40th and 50th parallels and the 30th and 45th meri- 


_ dians. This Low moved rapidly northeastward, decreas- 


ing in intensity, and on the 9th and 10th moderate 
weather was the rule over nearly the entire ocean, 
although on the 9th the station at Horta reported a 
southerly wind, force 8, with rain. 

From the 11th to 13th, inclusive, a depression accom- 
peat by moderate to strong gales was over the region 

tween the Azores and 50th parallel and the 20th and 45th 
meridians. 

On the 14th and 15th reports of winds of force 7 to 9 
were received from vessels in various parts of the ocean, 
while over large areas moderate weather prevailed. 

From the 16th to 18th a slow-moving Eoturhanes cov- 
ered the middle section of the steamer lanes, the storm 
area extending from the 35th to 50th parallels and the 
30th to 60th meridians. On the 18th there was also a 
well-defined Low over the western part of the Gulf of 
Mexico which moved rapidly northeastward along the 
coast, and on the 19th was central near Savannah. On 
both dates westerly to northwesterly winds of force 
7 to 9 occurred in the Gulf, which is unusual, as cyclonic 
winds of gale force are rare in this region during the winter. 

On the 20th an area of high pressure was over the 
province of Quebec, with its crest near Father Point, 
where a barometric reading of 30.94 inches was recorded. 
On the same day a Low was centered over Chesapeake 
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Bay; and the'stations at Nantucket and Atlantic City 


both reported northeast wind, force 10, accompanied by 
snow. 


On the 21st and 22d the eastern section of the steamer 
lanes was covered by a deep depression, and northwesterl 
gales of force 8 to 11 were encount?red east of the 40t 
meridian. 

From the 23d to 25th there was considerable cyclonic 
activity over the middle section of the ocean, and on the 
23d and 24th northerly to northéasterly gales were en- 
countered between the 20th meridian and coast of 
Scotland. 

From the 26th to 28th there ensued another period of 
heavy weather in the eastern section, the storm area on 
the 26th and 27th extending as far west as the 40th 
meridian, while on the 28th it was restricted to the region 
between the 45th and 50th parallels and the 0 and 20th 
meridians, west longitude. On the 26th Nantucket was 
near the center of a Low that moved rapidly eastward, 
and on the 27th was near 43° N.,52° W. On both dates 
southerly gales were encountered in the easterly quad- 
rants. 

Notre.—Capt. David Pearson of the American Steam- 
ship Sudawsonco, has furnished the following note re- 
garding meteorological phenomena observed by him on 

ebru 15, 1927, in latitude 45° 25’ N. and longitude 
35° 30’ W.: 

I observed three whirlwinds within a radius of 10 miles; two 
were close together, while the third was northwest about 4 miles, 
The two that were.close together were within 144 miles of the ship. 
They were revolving from left to right and working their way from 
the southward to windward almost in the face of a northwest 
gale of force 9. The progressive speed of the whirlwinds I should 
judge was about 8 miles per hour and the vortices anything up to 


urricane force, at times almost forming a waterspout. Our 
barometer read at the time 29.60 inches. 


OCEAN GALES AND STORMS FEBRUARY, 1927 


Position at time of Direec- | Direction | Diree- 
lowest barometer | | Timeot | | | | Highest | shirts of wind 
Vessel lowest barom-| when | timeof | when | wind and a time of 
From— | To— _| Latitude |Longitude "il 
NORTH ATLANTIC 
OCEAN 
Maine, Dan. 8. Baltimore....| 88 12N./ 62 46 W.| Feb. 2_-. ., 2..-..| Feb. 3_-| 29. 80 .-.-| NW_..| WNW., 10} SW-NW 
Ger, | Nou: nstown .| 48 48N.| 31 12 W.| 3-..--.- 29.43 | SSW_..| SSW.,11_.| SW., 12...| SSW.-S.-SW 
Nevada, Dan. 8. openhagen 58 48N.| 14 13 W.| 6a.,3..-.-| 3-----.-| 29.02 | WSW..| WSW.,10.| WNW.| -., WSW.-WNW. 
Pres. Harding, Am. 8. 8.| Queenstown .| New York...| 46 36N.| 46 32 W.| 1.--...- 28, 72 8W. W., SW-NW 
Mijdrecht, Du. 8. 8.....| 37 20N.| 67 25 W.| 2..---.- 18.,4...--| 29.62] SSW...| SSW. 10.-| NW, ssw.-NW 
Housatonic, Br. 8. S....- Baytown, London...__- 34 43.N.| 55 27 W.| 4.-.---- 6p. 4.....| 6-..-..-| 29.60 | SW....| WSW., &..| NW__-| WSW.,9..| SW..WwsW 
‘ex. 
Oxonian, Br. 8. 8........| Glasgow--.-. 5100N.} 387 00 W.| 4..----- 2a.,4.....| 4.....-.| 28.83 | SSE...) SW., 12...; SW., 12...| SE.-SW 
50 30N.| 40 00 W.| 5...---- 9 28.56 | 8. SE., 10....| NW..-| SW., 12...| SE.-SW 
West Celina, Am. Norfolk. Bremen...-.- 41 835N.| 32 50.W.| 6....-.-| Noon, 6..-| 6.......| 30.00 | NW._..| 8., 10......| 8.-N 
Missouri, Br. 8. S.......; Plymouth....| New York...| 46 50N.| 37 00 W.| 7---..--; 6D., 7--.--| 8.--.--- 29. 92 W 8., 0...... 8.-8 
Housatonic, Br. 8. 8.....| Baytown....- London....-. 41 17N.} 41 12 W.} 7......- 29.65 | 8., 1 WNW. | &., 10...... 8.-WNW 
lilinois, Am. 8, 8.....-..| Port Arthur..| Stoekholm...| 41 54N.| 44 56 W.| 7.---..-| 4a.,8.-..- 29.40 | SW.__.| NW., 10.... NW__.| NW., 11..| SwW.-N.-W 
Tomalva, Am. 8. 8._.....| Antwerp....- New York..-| 46 31 N.| 34 42 W.| 8..--..- —., 8:-.....| 28,55 | SSW._.| S., 9....... SSW., 10..| S.-W. 
West Madaket, Am.8.S.| Liv 7777] 39 00 N.| 29 40 W.| 9 p.,.10.--.| 29.71 | SW....| SW. —.--) WNW.| WNW., 9.| SW.-wNW. 
Sacan Am. 8. New York...| Antwerp.._-- 47 10N.| 34 38 W.| 5p. 11....| 12--....| 29.62 | SSW_._| SSW., W..-..| W., ll__..| sSW.-W. 
Iowa, Fr. 8.S._........| Havre........| Fort de|4420N.| 22 11W.| 11-_----| 29, 62 | NNW .| NNW:,10.| NW..-| NNW., 10.| Steady. 
St. Andrew, Br. 8. 8.....| Galveston....| Bremen......| 42 40.N.| 41 55 3 18......) 20.16 Ny N., E-N-WNW. 
Nieuw Amsterdam, Du. Rotterdam_..| 47 46.N.| 24 28 W. -| 6p. 13...) 14.-....| 28.76 | BSH SSW., 6...) WNW-| NW.,10..-| ESE.-S-NW, 
Stockholm, Swed. 8. 8...| Gothenburg..| New York...| 55 30 N.| 29 42 W.| 14.....- 15....| 20.27 | SSW. 9.:.| WSW..| SW., 10...| SSR.-WSW. 
43 35N.| 49 01 W.| 11 p., 16...| 17-..--.| 211 | NNW .| NNW.,—.| NNW NW., 
Stockholm, Swed. 8. 8...| 49 12N.| 43 00 W.| 17......| 4p., 17...-| 29.30 | ENE._| NNE.; 10.| N., ENE-N-NW. 
ing, Am. 8.8._....| Savannah....| Port Arthur.-| 27 45N.| 89 00 W.| 18..-.--| 18.--| 19...-..| 29.60 | N —, & 
E. J. Sadier, Am. 8. S.--| Balboa.....__ New York...| 2200N.| 84 00 W.| 19......| 2a. 19...-| 19...-..| 29.86] SW....| SW., w-wNW. 
Sinsinawa, Am. 8. Gibraltar. 38 35N.| 72 20 W.| 19 19 20,84 | Var... NE. 5 N Steady. 
Minnekahda, Am, 8, 8..| New York...| London...--- 39 56 N.| 70 38 W.| 19......| Mdt. 20... 20...-..| 20.94| NE..-.| ENE.,8..| ENE__| ENE., 10. Do. 
West. Herdaway, Am. | London....-- Pensacola....| 45.26N.| 18 26W.| 21.-....| 3p. 21....| 22......| 20.02| 8W....| NW.,—..| W...... NNW., 12) sw-Nw. 
Sac City, Am. 8. 8......| Antwerp..... New York...| 49 12 N.| 14 35 W.| 21......| Mdt. 21...) 27.._.._| 28.86 | NW.,9....| NW___| NNW., 12) ssw-NwW, 
Emanuel Nobel, Belg. | London......| New Orleans.| 43 00 N.| 22 30 W.| 23....--| 8 p., 28... W., 10._..| SwW.-wsw. 
Bloomfield, Br. 8. S.....| Rouen.......| Baton Rouge.| 43 07 N.| 22 48 W.| 25......| 6 p., 25...-| 27......| 20.71 | SW....| SW., —., sw-NW 
Am. Banker, Am. 8. 8..| New York...| London.....- 40 46N.| 64 10 W.| 26...-.-| 4p.. 26..-| 27.----. 29.24 | SE... SE., 10....| W.-...| SE., 10....| 8.-SW.-W 
Mascanamo, Ger. 8. 8...| Houston..... Land’s End..| 48 44.N.| 11 55 26......| 9 26...) 27...... 4 &....... OW W., 12__..| 8.-SW.-W 
Ja nese Prince, Br. 8. 8. New York...) 40 03. 29 31 W.| 23...... p., 26...| Mar. 1.| 28.87 | SW....| SW., 12...; WNW sw., SW.-W.-NW 
estland, Am. 8. S......| Man Mobile......- 45 10N.| 15 38 W.| 27..---. 4p. Feb. 28.| 28.82 | SW....| —. 12......| W.-NW. 
. 3. New York..-| 49 53N.| 500 W.| 27..----| “| Mar. 1.| 28.94 | SSW_..| SW., 9....| WNW-_| SW.,i 0...| SW.-wWSW. 
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Ocean gales and storms, February, 1927—Continued 
Voyage Law. | tien et, Sttahest 
we orce 
Gale | Timeof | Gale | est | wind | wind at | wind | force of | Shifts of wind 
began beronnene ended jbarom- when | timeof | when | wind and |),¥cst barometer 
wie eter | gale lowest gale | direction 
From To— Latitude | Longitude | 
NORTH PACIFIC 
OCEAN 
of ° , Inches 
Las Vegas, Am. 8. 8....-| Pacific coast..| Yokohama...| 51,11 N.| 170 30 W.| Jan, 39.) 4a., 30....- Feb. 28,69 | W..... SW., —...| ssW.-wsw. 
Pawlet, Am. 8. Manila_...... 42 0ON.| 138 00 W.| Feb. 2a., 29.18 | SSE_--.} S., 4 pts. 
Waitemata, Br. S. S_...- Westport, N. Vancouver...| 39 OON. | 135 54 W.| 29.15 | S.....-. 8.-WNW. 
Grootendijk, Du. 8. 8...| Portland..... San F ran-| 42 19N.| 124 44.W.| 8p., 29.58 | SSW...| SSE., 9...| SSE., 9....| S.-SSE. 
sco. 
Kaisho Maru, Jap. 8. S.-| Muroran..... William 49 41 N.| 182 49.W.| 28.83 | NE....| NW., 5....| 8....... 
C. 
Makiki, Am. 8. Seattle..._.... Honolulu. ...| 39 32 N.| 138 47 W.| 28.00 | SW.-..| Wy, sw-w. 
Steel Exporter, Am. San Fran- |____. 34 20.N.| 133 20W.| 5a., 29. 62 | S...---. NNW..| S., 8....--- 
sco. 
Pres. Jefferson, Am. Seattle......- Yokohama...| &2 00 N.| 167 10 W.| 5______- 28. 58 | E...... NNW..| N., 9-.---- E-NE-N. 
West Carmona, Am.S.8.| Hongkong....| San Fran-.| 38 07N.! 172 27E. | 5....... 12 M., 5..-| 6.--..-- 29.67 | W_.---| WNW.,7.| WNW.| WNW., 9-| Steady. 
sco. 
Dilworth, Am. §. 8......| Cebu, P.I...| Portland____- 50 40 N.| 152 00 W.| 5.____.- 28.95 | ESE...| SE., 9....- SSW...| SE., 9....- ESE.-SE. 
West , Am. 8.8. San Fran- | Yokohama...| 31 30 N.| 159 | 29.57 | SW_...| SW., 8.-..| W., sw.-w. 
sco. 
Bengal Maru, Jap. 8. Yokohama... Fran- | 36 30 N.| 157 45 E. | 6._.__-- 28.90 | SE...-- NW., 10.-| W-NW. 
sco. 
West Carmona, Am.S.8.| 37 50N.| 175 12 W.| 7.._..-- 28.93 | NW....| W., 2....-- N., 9......| W.-NW. 
H. T. Harper, Am. 8. 8- Honolulu.._.| 28 47 N.| 146 00 W.| 5a., 10....- 29.68 | ssk —_._.| NW....| SSE., 12...| SSE.-~WNW. 
Emp. of Canada, Br. | Yokohama...| Vancouver...| 50 57 N.| 155 04W.| 8.....-- 8a., 10...-- 29.12 | SE....- SE., 7....- 6.6.24) SE-ESE. 
Pres. Wilson, Am. 8. S..| Honolulu_.--| Kobe.....--- 29 00 N.| 176 23 W.| 29.75 | SW....| WNW., 10] W_....| WNW., 10) W-NW. 
Kiyo Maru, Jap. 8. Yokohama._-| San Pedro....| 40 01 N.| 159 00 W.| 10...... 
Koyu Maru, Jap. 8. Miike........ Har- | 50 35 N.| 154 35 W.| Noon, 11-.| 13....--. 28.04 | E....-.. ESE., 8...| SE.-..-. ESE., 
Or. 
Gaviota_....- Honolulu. ...| 25 22 N.| 148 57 W.| 10....-- 6a., 10...-- 29.72 | SSE....| SW., —...| NW....| NW., 10-_| SW.-NW. 
Robin Adair, Am. 8. San Fran- |__._. 34 20 N.| 131 45 W.| 6p., 13..... 29.29 | SSE_...| SW.. 10._.| SW....| SW., 10_..| S-SW. 
0. 
Maru, Jap. | Yokohama...| San Fran- | 38 45 N. | 154 45 E. | 14.____. 29.76 | W...--| WNW., 10) NW....| WNW., 11) W.-WNW. 
42 00 N.| 165 30 E. | 16.._.-. 82 | ENE ENE..| ENE., 10.| E.-ENE. 
Manukai, Am. S. 32 40 N.| 134 30 W.} 15_____- Noon, + Steady. 
Cana‘ . Seigneur, Br. | Vancouver...| Balboa.....-- 37 05 N.| 123 12 W.| 15...__- Mid., 15_-| 16..---. 29.48 | SE_..-- SE., 7..--. ssW., 8...| SE.-SSW, 
Pres. Wilson, Am. 8. S..| Honolulu----} Kobe.........| 32 40 N.| 167 00 E. | 13.__._- 6p., 18...--| 16....-- .82 | WNW.| WNW., 8.| NNE..| NW,, WNW.-NW. 
Mani , Am. 8.8.....!San Fran- | Honolulu....| 29 39 N.| 143 35 W.| = | 
sco. 
Bengal Maru, Jap. 8. S..| Yokohama... 39 05 N.| 152 00 28.74 | SSW...| S., 11...... WSW..| SW., 11..-| S-SW.-W. 
West Chopaka, Am.8.S.| 44 23 N.| 147 55 W.| 37 | W_....| SW., 10...| NNW .| SW., 11.-.| Steady. 
Oridono Maru, Jap:8.8-| Miike.......- Grays Har- | 48 14N.| 135 30 W.| ENE... 8....| WSW..| SW., 8.... 
Unkia Maru, Jap. 8S. Muroran.....| Portland..... 44 20 N.| 158 38 E. | ENE,., N...... ENE,, 9.-| E.-N. 
Maru, Jap. | Yokohama...| San Fran- | 44 25N. | 146 15 W.| 23_____. NwW.... NW., 8.... SSW., 10.- NW.-W. 
West Ivan, Am. 8. 39 00 N.| 177 00 W.| 25... lia., 25....| 25...... SW....| W., 8..--- 4 pts. 
Havre Maru, Jap. S.S..| Muroran.....| Tacoma...--. 49 57 N.| 143 10 W.| 24... 6a., 38.57 | 6 bts. 
of Spokane, Am. | Yokohama-..| 49 46.N.| 137 55 W.| 24.___.. 28.74 | SE..... 0..... SE..... SE., 10...- sk_wsw. 
Cuprum, Am. 8. Puget Sound.| 50 00 N.| 146 00 W.| 10a., 24....| 26...... 82 | SW...-| W., W......| 16...- 
Yankee Arrow, Am.S.S.| Hongkong....| Los Angeles._| 36 38 N.| 161 43 E. | 26...._. 8a., 27... SSE....| SW., 6....| W....-- SE., sw.-w. 
Harold Dollar, Br. 8. S..| Karatsu...... San Fran- | 42 30N.| 155 00E. | 3p., 28...-- 33... 28.99! W,, 0.....- W....--| W., 9....-- Steady. 
SOUTH ATLANTIC 
OCEAN 
Stakesby, Br. 8. S....... Gulfport. River Plate..| 31 158. | 49 50 W. | 1..____. Ge Wh... 8., 10......| NW.-S. 
Alchiba, Du. 8. Rotterdam...| Rosario...... 28 308. | 4607 W. | 4p., 2...... SW....| SW., 8....| SW....| SW., 8....| NWSW. 


NORTH PACIFIC OCEAN 
By E. Hurp 


The average of the daily barometric readings for the 
month over the eastern half of the North Pacific Ocean 
shows a sharp fall in pressure since January, when the 
minimum in the Aleutian area was 29.53 inches, occurring 
at St. Paul. The point of lowest February pressure was 
at Dutch Harbor, its average of 29.19 inches. being the 
lowest for that month in recent years, wy that for 
February, 1926, was only 0.01 inch higher. The highest 
daily reading at Dutch Harbor for February of this year 
was very low for a maximum, only 29.92 inches. The 
fact that the pressure was below normal from the Arctic 
Ocean to the Hawaiian Islands and thence eastward to 
a little south of San Francisco shows that the Aleutian 


LOW was unusually deep and extensive and that for the 
most part it dominated the weather of the upper two- 
thirds of the eastern part of the ocean, beside forcing the 
usual northern limit of the northeast trade winds con- 
siderably to the southward. 

The N orth Pacific HIGH, as a consequence of the over- 
development and extent of the Low, was at several times 
during the month practically nonexistent except as a 
narrow belt extending along low latitudes. From the 
6th to the 12th it covered the usual area between Hawaii 
and the American continent and even extended well u 
along the Alaskan coast, but it was not otherwise w 
developed until near the end of the month when, for the 
first time in any great measure, the Low retreated and 
the HIGH covered the major part of the ocean east of the 
180th meridian. 
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The eon: table gives the most important pressure ; 
e 


data at sev 


island and coast stations in west longi- 
tudes: 


TABLE 1.—Averages, departur 


wres, and extremes of atmospheric pres- 
sure at sea level at indicated hours, North Pacific Ocean, February, 


De- | 
Stations Highest Date |Lowest| Date 
normal 
Inches | Inch | Inches Inches 

Dutch Harbor 1_.........------- 29.19 | —0.43 | 29.92 | 28th...../ 28.58 | 6th. 
St. Paul ! 29.36 | —0. 4 30.04 | 28th..._- 28.80 | 9th. 
Kodiak 1__ 29.27 29.98 | 10th..__. 28.42 | 25th. 
Midway Island 1............_.:- 29.98 | —0.10 | 30.22 | 27th.....| 29.68 | 13th. 
Honolulu 2 30.04 | —0.01 | 30.22 | 18th____- 29.80 | 16th. 
Juneau 2 29.70 | —0.22 | 30.37 | 1ith..__- 28.72 | 20th. 
Tatoosh Island 2 29.83 | -0.15 | 30.40 | 9th....__ 29.15 | 20th. 
San Francisco ?#_...............;| 30.03 | —0. 30.31 | 19th...._| 29.43 | 16th. 
San Diego 23 30.06 | +0.02 | 30.29 | 18th.._.. 29.81 | 11th. 

1 P, m, observations only. 

2 A.m. and p. m, observations, 

§ Corrected to 24-hour 


Previous reports have shown that December and 
January of the present winter were very stormy months 
over most of the ocean. February was also stormy over 
the eastern half of the sea, but over the western half 
gales were considerably less frequent, although a number 
of days had winds of force 10, and three, so far as known, 
of force 11. These were the 6th, 13th, and 14th, and 
the area of gales was roughly bounded by 30° and 40° 
N., 150° and 170° E. ose of the 6th accompanied 
the eastward movement of a cyclone which originated 
as a shallow tow northeast of Taiwan on the 3d and pro- 
ceeded oceanward for a time with increasing intensity. 
Those of the 13th and 14th blew off the southeastern 
slope of a great anticyclone which, spreading eastward 
from the continent, lay on these dates south and east 
of Japan. Lesser gales blew in the same neighborhood 
from the 5th to the 10th, the 15th to the 17th, and scat- 
teringly from the 22d to the 28th. 

A number of small low-pressure areas came out of 
Siberia this month, and though generally mild they 
caused frequent local snows over the Japanese Archi- 
oo a and much squally weather over the seas. A few 
shallow depressions left China, although this area was 
for the most part covered with successively passing anti- 
cyclones, and apparently the only gales on the coast 
were those of the northeast monsoon, which occurred 
on several days and were especially strong in the Taiwan 
Channel. The strongest wind reported locally in Asiatic 
waters was the result of a Low in the upper Japan Sea. 
Here a westerly gale of force 10 was encountered in 
Tsugaru Strait on the 9th by the French steamer Yalow. 

Owing to the great southward extension of the Aleu- 
tian Low and to the formation of secondaries within it 
in middle latitudes, — were frequent between 160° 
west longitude and 
rising to whole gale or hurricane force were experienced 
by vessels on the 2d, 10th, 17th, and 18th. Those of the 
2d resulted from a local intensification of storm condi- 
tions near 42° N., 138° W., in which the American steamer 


orth America. Here velocities | 
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Pawlet experienced the highest reported wind, a south 
ale of force 11. About the 8th or 9th a secondary Low 
ormed near 40° N.,; 160° W. In its progress eastward 

it caused strong gales on the 10th to 12th near 30° N., 

145° W., the maximum being a south-southeast hurricane 

on the 10th. Other moderate gales attended its move- 
ment between 135° and 130° W. on the 13th to 15th. 

The storm winds of the 17th and 18th were encountered 

about midway on a nearly straight line between Juneau 

and Honolulu. 

During much of February the weather of Midway 
Island was strongly influenced by the northern tow. 
The average pressure because of it was only 29.93 inches, 
whereas the normal is 0.10 inch higher. The wind was 
active here, as also during January, and gales of force 
9 to 10 occurred on the island or in the neighborhood, as 
shown by prea on the 7th to 9th. 

Most of the west-longitude gales of the latter part of 
February occurred in middle or higher latitudes after the 
disappearance of the secondary and following 
upon the general retreat northward of the Aleutian Low. 
The Weather Bureau station at Point Reyes, Calif., 
reported a 76-mile wind on the 16th, and at the Tatoosh 
Island station velocities equaling or exceeding 60 miles 
an hour occurred as follows: 3d, 65 miles; 5th, 62; 18th, 
60; 20th, 77 (from the southwest); 24th, 64. 

At Honolulu the weather continued dry, with ab- 
normally high temperatures. The total precipitation 
was 1.74 inches, which is 2.01 less than the normal. 
The prevailing wind direction was northeast, and the 
average velocity was 7.8 miles. The maximum velocity 
was at the rate of 35 miles an hour from the southwest on 
the 14th. 

Contrary to the condition of dryness over the Hawaiian 
Islands, frequent and heavy rains occurred east of them, 
ney toward the California coast and thence inland. 
At San Diego precipitation continued from the 10th to 
the 16th, resulting at first from a depression which lay 
over northwestern Mexico and southern California and 
later from the tow that was vita, ag from the Pacific. 
Rainfall at both San Diego and San Francisco was about 
double the normal for February. 

Fog, as in February of last year, was rare except along 
the American coast, and there principally between about 
30° and 40° N., where it was observed on about 50 per 
cent of the days. At Juneau there was fog on the 6th, 7th, 
10th, 11th, and 12th. Occasional fog occurred early in 
the month at scattered places in west longitudes, and was 
reported on the 5th and 6th by a vessel in Yokohama 
Harbor. Except for the Japanese coast there is no record 
at hand of its observance between 140° E. and 160° W. 


NOTES 


American steamer President Jackson, Yokohama to Seattle, 
February 14-23, 1927.—Except for snow, rain, and mist squalls, 
“this passage was marked by exceptional weather conditions for 
February. Practically smooth all the way, and only light breezes.”’ 

American steamer President Madison, Yokohama to Seattle, 
February 2-10, 1927.—‘“‘In latitude 38° N., longitude 145° 30’ E., 
weather set in with occasional snow and heavy hail squalls, which 
continued every day the same to latitude 50° N., longitude 161° 30’ 
W.,” then steady fog and thick mist. 
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CLIMATOLOGICAL TABLES’ 
CONDENSED CLIMATOLOGICAL SUMMARY 


Fesrvuary, 1927 


In the following table are given for the various sections of the climatological service of the Weather Bureau the 
monthly average spay, ear’ and total rainfall; the stations reporting the highest and lowest temperatures, with 


dates of occurrence; t 


the several headings. 
The mean temperature for each section, the highest and lowest temperatures, the average precipitation, and the 
greatest and least monthly amounts are found by using all trustworthy records available. 
The mean departures from normal temperatures and precipitation are based only on records from stations that 
have 10 or more years of observations. 


e stations reporting the greatest and least total precipitation; 


and other data as indicated by 


Of course, the number of such records is smaller than the total number of 


stations. 
Condensed climatological summary of temperature and precipitation by sections, February, 1927 
Temperature Precipitation 
Monthly extremes Greatest monthly Least monthly 
Section gis > 
g | ¥ g | £8 
Station 2 Station 3 ag Station Station 
a iA a iA < < 
°F. °F. oF. In. In. In. In. 
58.7 |+10.4 | 2 stations........... 85 | St. 22| 6.45 1.15 | Bay Minette........ 12.39 | 3/29 
51.1 | +3.2 | Goodyear. ......... 88 24 | Chin Lee........... 8 9 || 2.59 | +1.39 | Prescott............ 10.59 | Naco. 
52.1 | +0.3 | 90 9 19 || 2.62 | —0.73 | Dumas.............| 7.02 | Thornburg.........- 1.23 
48.8 | +0.5 | Imperial...........- 87 26 | Helm Creek. ....... —22 2 || 8.70 | +450 | Fordyce Dam....... 28.33 | Imperial........... ~| 0.64 
30.7 | +4.0 | Lamar.............- 7 | 21 | —33 | 10 || 1.57 | +0.03 | Savage Basin... canes 0. 02 
67.1 | +7.0 | Lake Alfred_........ 91 24 | 3 stations..........- 33 21 || 3.50 | +0.33 | Cottage Hill_......- 10.03 | Fort Myers.........| 0.76 
58.5 '+10.5 | 3 87 21° 121 | 4.51 | —0.49 Tallapoosa_......... 8. 22 h 1.45 
30.8 | +2.4 | Parma.......-...... 63 —33 10 || 3.43 | +1.55 | Roland............. 11.06 | Mud Lake.......... 0. 22 
38.5 |-+10.0 76 5 | Mount Carroll__.... 4 15 || 1.46 | —0.52 | 3.26 | Grafton._...... -----| 0.40 
38.8 | +9.2 76 17 | Brookville. ......... 7 11 |} 1.64 | —0.90 onticello.........- 2.86 | Farmersburg...... --| 0.30 
| 30.6 | +8.0 | Ottumwa. 65 23 —17 18 || 1.15 | —0.05 | Washington_........ 3. 60 0.18 
38.5 | +6.0 | Richfield_........... 78 2 | St. Francis._........ —10 9 || 0.78 | —0.33 | Ellsworth........... 1.95 | Richfield.. 0. 10 
| 45.6 |+9.6 | Hopkinsville_. 81 17 | 2 stations........... 15; 21 || 2.65 | —0.88 | Hazard............. 4,67 | Grant... 0. 80 
| 62.2 | +9.0 | 2 stations 89 | 217 | Lake Providence_...| 26 | 419 || 6.34 | +1.85 aR EES SRR! 16.25 | Morgan City. 2.16 
40.0 | +7.0 73 17 | Boyds, Md.........| 15 22 || 3.84 | +0.80 | Grantsville, Md_....| 6.93 | Solomons, Md-...... 221 
26.9 | +7.8 16 | Humboldt_......... —27 19 || 1.23 | —0.49 | Eagle Harbor.......| 4,24 Reus Dam. 0. 30 
17.8 | +6.1 23 | Pokegama Falls_....|/—35 18 || 0.67 | —0.08 | gy ol 
58.4 | +0.5 223 | Holly Springs......_ 27 19 || 6.26 | +1.45 | Magnolia........... 14.19 | Hernando...........| 0,87 
41.3 | +0.5 8 | Grant City......... 1 18 1.08 | —1.07 | 2.43 | St. Charles........../ 0,22 
22.7 | +1.6 20 | Browning_.......... —36 17 || 0.87 | +0.14 | Trout Creek. __...-.| 6.37 | 2stations...........| 0.02 
31.9 | +6.8 —15 | 10 || 0.92 | +0.20 | 2 stations...........| 2.20 | Halsey.............. 0.12 
38.2 | +2.6 225 | Lamoille._.......... —12 9 || 1.37 | +0.48 | Arthur....-..-.... | 3.88 | Millett..............) 0,05 
25.7 | +3.3 224 | Bloomfield, Vt_..... —32 5 || 3.17 | —0.07 sarees. IN, Bienedo 5.49 | Cornwall, Vt........| 1.17 
36.1 | +6.5 17 | Culvers EEE: 4 12 || 3.12 | —0.43 ightstown 4.55 | Rumyon............) 2.18 
41.5 | +3.5 223 | 2stations........... —5 | 218 || 0.86 | +0.20 | Chama... 5.60 | 3 stations...... 0.00 
28.6 | +6.7 | 62 24 | Gabriels. ........... —25 5 || 2.98 | +0.20 | Hoffmeister 4.93 | Sherburne... 
51.4 | +9.0 | 2stations...........| 86 | 217 | Jefferson..._........ 13 1 || 3.96 | —0.12 | Andrews 7.29 | Sanatorium.........| 1.70 
13.3 | +5.4 | Amidon 50 20 | Willow City......../—31 9 || 0.36 | —0.13 | Linton 1.51 | 2stations...........) 0.00 
36.7 | +7.9 illport 22 || 2.49 | +0.09 | Kings Mills. 4.05 | Bellefon wien, Teoh 
47.5 | +8.0 10 || 1.49 | +0.04 | Idabel_- 5.18 | Kenton........... --| 006 
38.9 | +20 9 || 6.05 | +1.93 | Valsetz.............| 27.52 | Blitzen.............) 0.29 
Pennsylvania... 35.0 | +7.3 22 || 3.48 | +0.82 | Johnstown.......... 5.94 | Montrose... ......... 1, 25 
South Carolina. 57.6 |+10.2 21 || 4.24 | —0.07 | Walhalla 7.57 | Charleston......... 217 
South Dakota.......- 25.7 | +7.9 18 || 0.33 | —0.30 | Centerville.......... 1.04 | 3 stations...........| T. 
‘Tennessee... ._.......- 50.3 | +9.4 28 || 4.62 | +0.24 | Loud 8.08 | P O45 
56.5 | +6.0 10 || 2.07 | +0.21 | Marble Falls_....... 655 | M ay 
33.4 | +3.6 10 || 2.04 | +0.83 | Silver Lake.........| 7.70 | Wendover....... 0,42 
44.7 | +7.7 1 || 3.77 | +0.58 | 6.80 | 1.84 
Washington... ........ 36.2 | +2.3 9 || 5.55 | +1.32 Power | 21.42 
nt. 
West Virginia_....... 40.9 | +8.5 22 | 4.49 | +1.29 Pickens............. 8.64 | 2 stations...........) 2.40 
Wisconsin. ........... 23.8 | +8.2 9 || 0.62 | —0. 51 4 2.35 | Wisconsin Rapids_..| T. 
Wyoming... 25.2 | +3.5 10 || 0.82 | +0. Jackson 4.50 | Deaver.............) 0.01 
Alaska (January)_....| 18.8 | +3.4 29 || 3.49 | —L.71 | Chignik_. 19.61 | Fort Yukon_........| 0.17 
Hawaii. ..............| 70.2 | +1.8 13 || 3.92 | —2.55 | Honokohau Ridge._.| 22.00 | Puu Kea_.......... -| 0.00 
Porto Rico...........| 72.7 | —0.7 19 || 1.93 | —0.95 | Rio Grande.........) 4.26 | 3 stations......... --| 0.00 


1 For description of tables and charts, see Review, 43. 
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~Tasie 1.—Climatological data for Weather Bureau stations, February, 1927 
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Districts and stations 


OD... 


New England 


Eastport ............-- 


Hartford .............. 


: 
: 
Zz 


Block Island........... 


Nantucket ............ 
Providence 


Northfield 


Greenville, Me........ 
Boston 


Burli 


Florida Peninsula 
Key West............. 
East Gulf States 
|| 


M 


Birmingham .._....... 


Mobile. 


Titusville_............ 
Thomasville.......... 
Apalachicola _......... 
Pensacola............- 


Jacksonville...........} 


Savannah............. 


Meridian 
Vicksb 


Greenville, 8. C......./1, 


Bentonville. ........-. 


West Gulf States 


San Antonio. ......... 


Palestine. ............. 


New 
Groesbeek ............ 
Houston. -......-...... 


| | | Ee 
10) Fa. | In. 
24/—14 4 4) 
31; 3 22 
24; 33) 17 
5} 30} 5) 14 
31|—1 11} 40).___|. 
4 11) 26) 30 
40} 5] 30; 22 
17} 39 19 30} 22) 31 
3| 391 12) 261 27 
39) 14 26; 
3| 38} 15 22)___ 
43 21) 30 
17| 43) 22 0} 28 32 
1 34} 241 36 
1 23 31; 23 33 
111] 119} 29. 39} 19} 27] 25) 30 
37| 172| 29. 17| 4 28 
13} 49} 30. | 17| 28! 5| 34) 27] 36 
10| 55} 30. 41} 24 6] 31] 21) 32 
159 83) 29. 17| 45 3 | 30 33 
100} 215} 29. | 17) 27) 26) 37 
85) 29. | 17) 50 34) 30) i 
54) 29. 18| 1) 40 38) 4 
153} 188) 29. 18} 57| 3 36 : 
| 170) 205) 29. | 18) 56) 33) 28) 40; 33) 43 d 
11; 29, 17| 26 3 34; 4 
+84) 27. § 5| 21; 40; 32| 42 
DD) 29. 17 62 44 31 46 
11} 50} 30. | 17} 61} 39) 28) 48) 22) 
103} 110} 29. | 17] 61) 29) 42) 36] 46 
81} 91} 29. 67| 28| 48) 28) 51 
11} 92) 30. 4| 69} 43) 21] 54) 26) 55 
41| 57} 29. 67| 3 4| 66 34) 21) 49] 32 
55; 29.30) 30 4) 63 30) 21 5 
139) 146) 28. 93) 30 4) 62; 30 21) 46; 25) 48 
182} 62 29. 86} 30 . 07 | +8.9 4| 68| 36) 50} 30) 53 
150| 194] 30.01) 30 . 04 | +8. 8] 81) 17} 72| 39) 21) 54) 25) 54 
209| 245] 30.04] 30 . 02) 81 21| 87 
+5. 
+64) 30.07} 30.09} +. 02 +4. 17| 63 16) 68 0.0] 0.0 
79) 30.09] 30. +5. 4| 83 54| 22) 22) 66 0.0| 0.0 
9} 87| 30.06) 30.10} .00 +7. 0} 4] 47| 22) 60} 28! 62 0.6) 0.0 
44) 30. 05} 36. 87| 18} 79} 42] 22) 57] 0.0) 0.0 
+8. 
45 
90} 216} 28. 82) 30 06 +9. 7] 76| 17| 63 49) 
00 370| 78] 87| 29.67] 30 05 +8. 5 4| 68 481 30] 52 
42 273| 58] 29.79) 30 03 +8.0) 81] 3] 73 5 56 
84 49} 30. 04) 80 171 69 57} 18 59 
40 149} 185] 30. 01| 30 751 251 68 58! 59 
| 741| 57] 29.28) 30, . 08 3 17| 66 
40 ee 11} 48] 29.30) 30 . 05 | +9. 2} 78] 23! 66 I} 49 51 
57} 125) 161] 30.01) 30. . 05 | +8.3 24) 71 | 56}. 27| 58 
Montgomery..........} 223] 100) 112| 29.82) 30 . 04 | +9. 0} 23) 69 | 52) 27) 54 
375) 87 95) 20.6 2} 23) 68 | 50} 36) 53 
17 247| 65 29.7 24| 67 | 51 55 
76} 84) 30.0 1 73| 40 60 
00 
, 00 
77\ 93) 29. 16| 67| 3 50 52 
= 1,303] 11} 2} 16\ 3¢ 
457| 94] 29. 7| 15| 60} 41) 34) 44 
357| 144| 20. 6 16| 61) 44 46 
136| 148} 29. 4 9 48) 
53] 61) 29.9 23] 76 60 62| 
11| 30.0 17| 40 | 5 60 
512} 220} 227| 20.4 16| 64; 45 
670| 106} 114) . 04 1} 16] 41) 43] 45 
54) 106) 114) 02 3} 24] 58) 33) 59 
510} 24 .04| 57.2 0} 16] 66| 26 8} 32) 
Port Arthur..........) 34) 58] 66) 30. 63. 6|......| 15) 71) 33 56: 
583) 55! 29.4 .00' 57. 5. 58 191 46) 
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| Ft. 
1 
11 
973 
2, 371 
6, 088) 
37: 
241 
821 


Slope 


Northers’ 
Billings. . ...+-.------ 


2, 
6, 


Park 
North Platte,....-..-- 


1... 


4 
Miles City 
Rapid City...-..-.---- 
Cheyenne 
Lander.......-4.-----< 
Sheridan 
Yellowstone 


1, 21 


566 


Roswell........-.-.--- 


Del Rio 


- 


Slope 


A 


Plateau 


Middle Slope 
ita....---.------- 
Arrow ....---+ 
City.....-. 


Southern 
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Southern 
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1 Pressure not corrected to mean of 24 hours. 
41422—27-—__5 


: 
4 8 3 | S| 
° F. In. 
i 25. 5 58} —0.1 
| 44) 27. || 55) +0. 1 9 
112; 25. 1 ry is} —0. 6 20 
| 48) 55) 27. . O 7 —0. 10} 11) : 
| 80) 58) 26. 9) 12 9 
101) 23. +0. 5 13) 
| 47) 26. 6), 16| 
| i 23. . 0 9) —1. 16} 
aa}, 61) 27. 6) +0. 1 11 
6 0.99) +0. | 
Don 5, 106): 113! 24. 7| 64) 21). 48} 0.32) —0. 1 5 3.0 
Pueb| 4, 685} 80) 86) 25. —_03} 38. 5 69| 21, 51; 8 39 49) 0.90) +0.4 4.8 
Cone 11, 392} 50) 58) 28. 36.4 63| 16] 461 6) 18 9 31) 26 72) 1.41] +0.7 8| 14) 1.1 
509} 51) 27. +. 02) 38.6 72) 10) 26) 40; 30; 24 68| 1.21) 40.5 9 2.0 
1, 358| 139] 158) 28. —.04| 40.8 15} 51; 9| 181 36; 30, 70) 1.02) © 14) 2 3) 0.6 
765| 56) 29. 46.2)... 79| 16 56) 16) 18 18) 8 4.0 
10| 47| 23. 46.6} +7.0) 81| 16] 57! 12) 18 140)" 35) 73) 1.07) 15) 4) 3.2 
51. 4| 1.26) +0. | 
38; 10, 62) 28. —_ 52.2} +5.0) 64) 24] 18} 41) 37, 66, 2.28) 16! 
676| 10 26. 02 44.6] +6.5| 21) 58! 15) 35} 26) 57) 0.23) 77 
944 29. +..02) 59.4 +34) 10} 49, .2. 38) +1. 3} 12) GL 
26. —. 01} 49. 7 24) 9 28, 48) 0.14) 12) 6) ma 
48.7) +3. 0.931 +0. 
3, 778| 152| 175) 26. 05| 54.1 $3} 75| 27| 3 30, 45] 0.18) —0. 13, 
7,013, 38 23. 37. 6 5 26| 46 18; 10) 29) 31] 26| 67) 1.62) +0.8 12) 
6,907| 10 23. 35. 5 5| 81] 4.44)...._. 4) 8 5. O| 
108) 10 28. 01} 58.8] +3.7| 80) 26) 70} 37) 1/47) 38) 50) 42) 60 +. 04 12} 
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